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MOVABLE CENTRING FOR RE- 
INFORCED-CONCRETE ARCHES. 
By V. CHERRE. 

REINFORCED-CONCRETE arches are commonly 
employed for the roofs of factories, hangars, garages, 
and other buildings, not only on account of their 
simple construction and pleasing appearance, but 
by reason of the large spans which they render 
possible, single spans of over 240 ft., for example, 
having been constructed in France. The economy 
and rapidity of erection of such arches depends 
largely on the system of centring employed. Form 
work as used in the construction of the floors of 
buildings, and consisting of shuttering carried on 
columns bearing on the soil, is expensive and slow 
when applied to arches, because the operations of 
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in tension or compression. The stringers should be 
| of 2}-in. by 7-in. timber, while l-in. boards should 
be satisfactory for the lagging. As shown in Fig. 2, 
| the trusses are held in place by cross bracing. The 
| size of these braces cannot be determined by com- 
putation, but, in general, 1}-in. planks are satis- 
factory. The form of the trestles is shown in Figs. 
1 and 2, and it will be seen that they consist of 
three longitudinal trusses with transverse bracing. 
The trusses themselves are made up of five posts 
with horizontal members top and bottom, and with 
diagonal bracing. The loads are seldom so great 
that posts heavier than 4 in. by 4 in. are required, 
and 2}-in. by 6-in. planks are usually sufficient for 
the diagonals. The horizontal members may consist 
of two l-in. planks. Nailing is employed in the 
construction of the trestles throughout. During the 
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erecting the falsework and stripping for each portion 
of the arch require much time and labour. 
alternative to this method which greatly lowers the 
cost and speeds up the construction of the arches is 
the employment of movable centring, consisting of 
falsework set up on trestles. The 
supported on carriages running on narrow-gauge 
lines. The centring consists of a series of bowstring 
trusses held together by horizontal and vertical 
bracing, the trusses supporting the stringers which 
carry the lagging for the actual arch. 
of the stringers is governed by the allowable span 
of the lagging. 


For short-span arches of under 30 ft., the centring | 


can be mounted on a single trestle, supported on 
four carriages, as shown in Figs. 1 and 2, above. 


The bowstring trusses may be built entirely of | 


boards. The top bow member can be made up 
by nailing 1 in. or 1} in. planks together to give a 


thickness of 2 in. to 3 in., the joints being staggered, | 


and a 1-in. or 1}-in. plank is sufficient for the bottom 
chord member. Planks of the same thickness are 
suitable for the vertical and diagonal members, the 
thickness being sufficient whether the member be 


trestles are | 


The spacing | 
































| process of moving the centring after the completion | 


An | 


of each portion of the arch, the diagonals a, Fig. 2, 
| are in compression, and the diagonals 6 are in tension. 
In order to transmit the loads on the posts c to the 
soil during concreting, wedges and sills are placed 
under the intermediate posts. In these circum- 
stances, the diagonals will all be in compression. 
If bearing on soft ground, the size of the sill should 


be calculated to give a low pressure, not exceeding | 


14 lb. per square inch, on the soil. 

The carriages are made up of 3}-in. by 9-in. 
planks, carried on two axles for narrow-gauge track. 
Two methods are available for fixing the posts on 
the carriages. In the first method, shown in Figs. 3 


and 4, two further 3}-in. by 9-in. planks are mounted | 


transversely on the carriage frame. The posts 
register between the planks, and are supported by 
cleats nailed on each side and resting on the trans- 
verse planks. Additional rigidity is given by 
brackets as shown. The second method, shown in 
Fig. 5, allows the jacks employed for lowering the 
| centring to be located on the carriages. In this 
case, the posts, with their attached cleats, rest on 
an upper transverse member a, extending across 
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; 
two carriages, this member being carried on the 


lower transverse members by blocks and wedges, 
as shown. 

The two extremities of the arch are produced in 
special forms, of which the right-hand form is 
illustrated in Fig. 6. ‘These forms are built up 
of 1-in. sheathing supported by framing carried on 
transverse joists a. These joists are made up of 
24-in. by 7-in. planks, resting on the trestle at 
their inner ends, and on bents b at their outer 
ends, as shown in Fig. 1. All the trusses are carried 
by upper and lower ledgers, each formed by two 
3}-in. by 9-in. planks, with wedges between them. 
The arrangement can be seen in Fig. 1, and it will 
be observed that the lower ledgers are directly 
above the trestle posts. The wedges are employed 
to adjust the level of the centring each time after 
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lit has been moved, but they also serve another 
| purpose. As shown in Fig. 1, the roof is formed 
| with horizontal ties at suitable intervals to resist 
| thrust, and when the centring is lowered and has 
to be moved into another position, the reinforce- 
ment rods for the ties are already in place, although 
}not connected up. The ties would, therefore, 
|normally impede the forward movement of the 
| centring, but the wedges enable this difficulty to 
be overcome. The method of passing a tie is 
| illustrated in Figs. 7 to 9. The centring is presumed 
‘to be moving to the left, and in Fig. 7 the ledgers 
| have passed over a tie. At this point, a jack is 
| inserted between the ledgers beyond the tie, as 
| shown in Fig. 8. The wedges can then be removed, 
'the centring advanced, and the wedges again 
| replaced, as shown in Fig. 9, the jack finally being 
| removed. 

| For the erection of arches when the span does 
| not exceed 60 ft., the centres can be carried on two 
| trestles, as shown in Fig. 10. In a span of this 
size, the panels of the trusses are wider than in a 
30-ft. span, so that the stringers can no longer be 
located over each vertical, as shown in Fig. 1. 
With eight panels, as shown in Fig. 10, the width 
of each would be roughly 7 ft. 6 in., and as the 
| span of the lagging should not exceed 3 ft. 6 in. to 
4 ft., the stringers are placed at closer intervals 
along the top bow member of the truss. This 
member should thus be computed not only as the 
upper compression member of the truss, but also 
as a beam subjected to a bending moment due to the 
stringer loading. As in the case of the shorter 
span, the trusses are carried on wedges between two 
|rows of ledgers, the lower row being supported as 
| before. When one or more arches of large size 
| have to be erected, it is advisable to concrete the 
jacks into the carriages, as shown in Fig. 11, the 
| adhesion between the concrete and wedge blocks on 
|each side of the jack being ensured by nails driven 
|into the wood before pouring. When this practice 
|is adopted, uniform and steady lowering of the 
‘centring is ensured. The method of removing the 
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centring on completion of a portion of the arch is} by 50 per cent. For compression members, the 
to take out the carriage wedges and those under the | maximum allowable compressive stress should be 
bents, remove the bents and the external framing | reduced according to the ratio of the height or 
of the forms for the ends of the arches, and lower | unsupported length to the least section, by applying 
the trusses by 2} in. to 3 in. by operating the | Rankine’s or Navier’s formula. For oak or other 
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carriage jacks. The internal framing for the forms | hardwood wedges, the allowable compressive stress | 
for the ends of the arches can then be taken off,| across the grain may be increased a further 50 per | 


when the centring is ready for advancing to the} cent. For use in deflection calculations, the modu- 
next position. To ensure easy stripping of the|lus of elasticity may be taken as 85,000 kg. 
centring, the lagging of the trusses and the forms| per square centimetre (1,200,000 Ib. per square 
for the ends of the arch are bevelled, and a board m, inch), the value commonly used for pine. Exact 
with bevelled edges, shown in Fig. 6, is inserted and | calculations of bending moment are unnecessary 
fastened between them. |when a large number of assumptions have to be 
Centring for arches of 60-ft. span or over should | made regarding loading, quality of material, and | 
be carried on three trestles during the placing of the | quality of workmanship, and approximations are 
reinforcement and the pouring of the concrete. | sufficiently accurate. The sizes of timber chosen 
The central trestle should be stronger and stiffer | should be such as to allow for the fact that actual 
than the two lateral trestles, and is provided with | construction on the site will inevitably introduce 
two sets of wedges and ledgers. After concreting | slight errors. 
a portion of the arch and lowering the centring, the| The lagging should be made up of l-in. to 1}-in. 
lateral trestles are moved first, the centring being | planks, carried on ribs spaced from 3 ft. 6 in. to 
then supported by the remaining trestle. The|4 ft. apart. The construction between the ribs 
elements of the trusses should, therefore, be com-|and the bow member of the trusses is shown in 
puted for two series of loads. When pouring the | Fig. 12. The ribs may be of 1-in. to 1}-in. plank, 
concrete, the trusses may be regarded as a con-| 8 in. to 11 in. deep, and are formed by nailing two 


tinuous lattice girder carried on four supports | thicknesses of plank together, the joints being | 
and loaded with the weight of the concrete and of the | broken at the centre of each plank. The stringers | 


centring. When being moved forward, since the|may be 3}-in. by 10-in. planks, either single or 
centring is resting only on the central trestle, double, their size depending on the distance between 
constitutes a simple beam overhanging two supports | the trusses. They are simply laid on the bow 
and loaded with its own weight. 
the reactions on the supports may be calculated | by means of brackets, nailed on, as shown in Fig. 
by the theorem of three moments, the trusses being | As the lagging laid on the ribs has a tendency to 
assumed to be continuous structures with a constant | stick to the concrete, it is advisable to nail laths 
moment of inertia. 
ciently accurate for temporary work. The equation | té the bow member, as shown in the same figure, 
of three moments gives the relation between the|to prevent the ribs separating from the trusses 


bending moments at three consecutive supports,| when lowering. The employment of nails in place | 


of bolts for connecting the members of both the | 
| tion of Food,” 
| on March 15, 1939, by Mr. S. J. Wright, the Director 


so that these moments may be computed and the 
reactions found. Then, by means of a graphical | trusses and trestles was introduced by M. Freyssinet, 
or an algebraic method, such as the method of | and was employed by him on many important works. 
moments, the stresses in the truss elements can|When bolts are used, the labour cost of drilling | 
be determined in the same manner as for a/ the holes, and of fitting and screwing up the nuts, is 
simple truss. In the middle panels, the bow mem- | high, and, in addition, nails provide a more rigid 
bers are in compression and the chord members in | joint than bolts, since there must be a certain 
tension, while the reverse is the case in the panels | amount of clearance in the holes for the latter. 
adjacent to the supports. As the falsework is|The number of nails required for each joint has 


only temporary, a higher unit stress is permissible | been determined in laboratory tests by M. Freys- | 
than would be allowable in permanent work. For | sinet. In large arches, since the reinforcement rods | 
pine, spruce, and similar timbers, a maximum for the ties carry the horizontal thrust before | 
fibre stress of 85 kg. per square centimetre (1,200 lb. | concreting, they are liable to stretch with resultant | 


per square inch) for bending may be used. For | flattening of the arches. To overcome this tendency, 








'and for bearing or crushing across the grain, 30 kg. | 
per square centimetre (400 lb. per square inch). | 
For pitch pine, these stresses may be safely increased | 


In the first case,| members of the trusses, and maintained in place | 
12. | expand at a still greater rate the home production 


This approximation is suffi-| holding the ribs to the stringers and the stringers | 
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the rods may be cambered by means of jacks on 
the trestles. Both the ties and the suspension bars 
are concreted by®using a movable floor laid on the 
trestles. 

The aggregate for the concrete can be raised 
either with ordinary derricks, or by erecting wooden 
derricks on the centring itself and moving with it. 
The latter practice is to be preferred, as it is neces- 
sary to lay tracks for ground derricks, which must be 
| removed after concreting each portion of the arch. 
A derrick mounted on the centring is shown in 
Figs. 13 and 14. The post is made of two or three 
| 3}-in. by 9-in. planks nailed together and rounded, 


jand the struts and cross-bar may be made up of 


two 3}-in. by 7-in. planks. The bottom of the post 
is rounded, and a simple footstep bearing is made 
by inserting a rod of }-in. or 1-in. iron, registering 
| with a hole in a block, as shown in Fig. 14. The 
upper bearing is formed by extending a stringer, 
through which a hole is drilled, the journal being 
formed by wrapping sheet metal round the post. 
A roof under construction by the methods described 
is illustrated in Fig. 15. 
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X.—AGRICULTURAL MACHINERY. 





| ‘THERE has been in recent years a steady if slow 
improvement in the home demand for agricultural 
machinery, and during 1939, even before the out- 
| break of war, this tendency was considerably 
| accelerated as a result of the measures taken by the 
| Government to stimulate agricultural production. 
The outbreak of war and the consequent need to 
lof food has raised the status of the agricultural 
industry to a high level from the point of view of 
national defence. 

The importance of agricultural machinery in 
| relation to home food production was stressed in a 
paper on “ Recent Improvements in Agricultural 
Machinery and Their Bearing on the Home Produc- 
read before the Royal Society of Arts 





‘of the Institute for Research in Agricultural Engi- 
| neering of the University of Oxford. This paper 
| was reviewed in detail in ENGINEERING, vol. 147, 
page 349 (1939), but, in view of the increased interest 
| which has developed in the subject as a result of the 
| outbreak of war, some of the main conclusions may 
usefully be recapitulated. After reviewing the 
development of mechanisation in agriculture in 
this country and stressing the progress of tractors 
in operating efficiency and reliability, as exemplified 
| by the reduction in comparative test figures of fuel 
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consumption from 1-63 lb. per horse-power hour in 
1920 to 1-00 Ib. in 1938, Mr. Wright proceeded to 
deal with the criticism that mechanisation had been 
achieved only by increasing the country’s depen- 
dence on imported fuel. He pointed out that, work 
for work, the horse needed three times as much fuel 
as the tractor and three to four times as much 
labour. One ton of imported fuel would provide 
power for growing 13 tons to 17 tons of cereals. 

An analysis of the use made of the 50,000 tractors 
in use on farms in this country suggested that 
theoretically these might be used 25 times as hard 
as at present. Full working, of course, would be 
impossible to achieve in practice, but Mr. Wright 
was of the opinion that, if the existing tractors 
could be used eight times more intensively than was 
actually the case, the power available should be 


sufficient to grow all of the country’s food. The 
author referred to this calculation as a “ possibly 


wild speculation,” but it does bring out the fact 
that what is needed for the duration of the war is 
better organisation to permit of more intensive use 
of existing machinery, rather than a large increase 
in the number of tractors in use. 

Government measures to assist agricultural mech- 
anisation have proceeded along both lines of attack. 
In the first place, provision was made under the 
Civil Supplementary Estimates for setting aside a 
sum of 1,250,000/. for the purchase of special farm 
machinery, including tractors, to be stored in depots 
in all the principal market towns against an emer- 
gency. In order to avoid disturbance of the market 
and depreciation, the reserve of tractors was to be 
held by dealers on behalf of the Government, but 
it was arranged that this Government stock should 
be turned over regularly in the course of trade. 
In announcing the scheme, the Minister of Agri- 
culture stated that it was intended that purchases 
should be confined as far as possible to home- 
produced machinery. In the case of tractors, 
arrangements had been made with the Ford Motor 
Company to provide the greater part of the reserve, 
since this was the only company in Great Britain 
which had the necessary productive or distributive 
capacity to enable a reserve of the size contemplated 
to be rapidly acquired and regularly turned over 
within a reasonable period. It was suggested that 
this arrangement had occasioned some resentment 
on the part of other firms, but the Minister stressed 
that it did not preclude the possibility of acquiring 
some additional supplies of tractors from other 
manufacturers if suitable arrangements could be 
made. No figure has been given for the number of 
tractors contemplated under the scheme, but it has 
been estimated that soon after the outbreak of war 
there were probably between 60,000 and 70,000 
tractors available, as against the 50,000 actually in 
use on farms before the war. 

With regard to schemes for ensuring more inten- 
sive use of machinery, the first step was to provide 
financial inducements to farmers to increase arable 
acreage. In the year ended June 30, 1939, there was 
a small increase in arable acreage, which had fallen 
considerably immediately after the last war, and 
had again been declining steadily since 1935. The 
increase, however, amounted to only 48,000 acres, 
and the total arable acreage at June 30, 1939, was 
8,926,000, as against about 11 million acres in 
1914. Though not representative of the whole 
country, some indication of the financial situation 
of farming can be obtained from the report of the 
Cambridge School of Agriculture on the state of 
farming in the Eastern Counties of England in 
1938. The report, which compared conditions on 
200 farms in 1938 with those in 1937, revealed an 
average fall in gross income of 70/., or 4 per cent. 
To some extent this was due to the fact that weather 
conditions did not suit the sugar-beet crop; but, 
although wheat did well, prices of barley and oats 
declined, and there is no reason to suppose that 
farmers in the rest of the country fared much 
better. , 

Prior to the outbreak of war, the Government 
attitude was that it was not desirable that the plans 
for production on the scale which would be required 
in war should be put into operation in advance, and 
inducements such as the assisted purchase of lime 
and basic slag were therefore offered, with a view 
to improving the fertility of the soil. In order still 
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further to improve fertility, the first ploughing-up 
campaign on a limited scale was announced in May, 
1939. This provided for a grant of 2/. per acre in 
respect of permanent grass ploughed up before 
September 30, 1939, and brought into a state of 
cleanliness and fertility by re-seeding or by fallowing 
or sowing to an approved crop with a view to 
re-seeding. It was hoped that at least 250,000 acres 
would be ploughed, and by August some 170,000 
acres had been notified under the scheme. When 
war broke out, the scheme was very considerably 
extended, and in December the Minister of Agricul- 
ture stated that the Government’s plan was to 
secure the ploughing up of at least 1,500,000 acres 
in England and Wales, and 2,000,000 acres in the 


TABLE I.—Agricultural Machinery (including Agricultural 
Tractors) : United Kingdom Retained Imports. 
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Index | Index 
Monthly Average. | Volume. | (1913 | Value. | (1913= 
100.) | Per Ton. 100.) 
Tons. £ 

1913 795 100 32-0 100 
1931 

Ist Qr Y33 117 61-9 193 

2nd ,, S47 106 61-9 193 

3rd 485 61 78:7 245 

4th 1219 157 68-6 214 
1932 } 

Ist Qr. | 818 108 75-5 | 236 

2nd ,, | 779 OR 64°7 202 

3rd 476 60 77°6 243 

4th 148 19 =6|) «100°3 313 
1933— | 

Ist Qr. | 230 30 89-6 280 

2nd ,, 432 54 72-3 | 226 

3rd ,, | 378 48 63-7 | 199 

4th ,, 72 47 70:9 | 222 
1934— | 

ist Qr 67 61-6 192 

2nd ,, aS 60-4 189 

3rd | 8&2 70-2 219 

4th 45 71-8 224 
1935— 

ist Qr. 073 122 64-6 | 204 

2nd ,, / 4210 | 140 | 62-0 | 194 

3rd 800 102 74-1 | 241 

4th 739 v4 68:7 | 215 
1936 

Ist Qr. O88 124 67-4 210 

2nd ,, 1.554 | 196 67-0 209 

3rd | 890 | 112 64-3 202 

4th 798 | 100 81-8 256 
1937 | 

Ist Qr. 186 64°38 202 

2nd ,, } 239 69-9 | 219 

3rd 1380 Tso | 244 

ath ., 144 71-6 | 224 
1938— | 

Ist Qr. | 229 67-9 | 212 

2nd ,, | 193 69-4 | 216 

3rd ,, 91 73-3 229 

4th ,, 76 61-9 193 
1939— | | 

Ist Qr 167 80-9 

2nd ,, | 242 83-9 | 

3rd | 208 93°38 


United Kingdom as a whole, before the summer 
of 1940. 

Probably equally important in stimulating an 
increase in arable acreage were the provisions of the 
Agriculture Development Bill, authorising subsidy 
payments in respect of oats and barley. The Bill 
also provided for giving financial assistance up to 
60,0001. per annum to the Agricultural Mortgage 
Corporation, which had been set up in 1928 as the 
principal agency in England and Wales for granting | 
long-term agricultural credit. These measures in | 
themselves undoubtedly would have resulted, in the 
long run, in an increased demand and more intensive 
utilisation of agricultural machinery. Another 
factor tending to encourage the use of tractors was 








a concession, in the Finance Bill, regarding licence 
duty. This concession, the necessity for which was | 
stressed in this series last year, allows greater | 
freedom in the use to which tractors charged at the | 
nominal duty of 5s. per annum may be put, and | 
permits farmers to use such tractors for the haulage 
| of agricultural produce, fertilisers and feeding stuffs 
| on a public road between different parts of the same 
| farm. 
| On the outbreak of hostilities, a War Agricultural 
| Executive Committee was appointed for each county 
in England and Wales, and the Cultivation of Lands 
| Order (1939) authorised these committees to exercise, 
|on behalf of the Minister of Agriculture, certain of 
| the powers conferred on him by the Defence Regula- 
tions. Working through sub-committees, these 
county committees are responsible, among other 
things, for ensuring the best use of agricultural 
| machinery, and it is understood that arrangements 
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nery from small farms, where it is not fully occupied, 
to those which are deficient. 

The total British imports of agricultural machi- 
nery, given in Table I, herewith, showed little 
change in 1939, amounting to 13,039 tons in the 
first eight months of the year, against 12,227 tons 
in the corresponding period of 1938. Imports of 
tractors, included in the total, however, rose from 
4,488 tons to 6,853 tons, while imports of all other 
sorts fell from 7,739 tons to 6,186 tons. The quar- 
terly figures in Table I, which probably give a good 
indication of the state of home demand, show that 
there was a considerable recovery in 1939 compared 
with the latter half of 1938, and that this was well 
maintained throughout the year. Prices, as indi- 
cated by the average value per ton, would appear 
to have been considerably higher than in preceding 
years, but this was actually due mainly to the fact 
that the average value per ton of tractors is higher 
than that of other kinds of machinery. In the 
first eight months of the year the average value per 
ton of tractors rose from 91/. to 99/., while that of 
other machinery rose from 62/. to 701. The further 
rise in the average value per ton for all agricultural 
machinery in the third quarter of 1939 reflects a 
corresponding rise in imports of tractors relatively 
to those of other kinds of machinery. Imports were 
probably well maintained after the outbreak of 
war, as indicated by the fact that, following the 
Government’s decision to grant 2/. per acre for 
land ploughed up, R. A. Lister and Company, in 
June, doubled their normal order for Cockshutt 














TABLE IJ.—Aogricultural Machinery (including Agricul- 
tural Tractors): United Kingdom Exports. 
Index. | | Index. 
Monthly Average. | Volume. | (1913 Value. | (1913 
| 100.) | Per Ton.| 100.) 
rons. | £ | 
1913 6,125 | 100 10-7 | 100 
1951 | 
Ist Qr. B21 133 R40 | 206 
2nd ,, 1,087 17 3-4 155 
Srd ,, | 455 2° | (G84 | 16s 
4th ,, rea 781 12 | «(82-2 | 202 
1932 | 
Ist. Qr. 732 12 | 73-9 182 
2nd ,. , | 728 | 12 86°7 213 
3rd, 645 11 73°83 | 194 
4th ,, é : 520 of) | 76-8 | iso 
1933— | : | ft fro 
Ist Qr. ‘ os] 699 IL 83- t | 20 > 
2nd ,, .| 1,032 17 86-9 | ae 
oe.» | 758 CO lz 80-4 | 198 
4th ;, 604 10 77-9 191 
1934— ki | aha sxe 
ist Qr. soo | : 74° 3 
ae ; | 1,145 0 | 77-6 191 
ord ,, col 925 15 | 87-3 214 
4th ,, - 836 14 86-0 211 
1935-— | | a 
ist Qr | 993 | 16 | 72-0 177 
2nd , .| 1,700 | 23 67-6 L6G 
3rd } 1,448 24 73° Ist 
4th ,, oo Bae’ | as | |} 71-8 176 
= 1,519 25 63-8 169 
Ist Qr | pis 25 - 
2ad ,, | 1,980 32 | 63-0 7 
3rd _,, ' | 2,027 33 67°8 167 
4th ,, --| 1,430 23 | 69°5 171 
ee | 2,050 33 | 64-4 150 
ag | 050 | $3 gex8 ee 
2nd ,, : 345 | 3 i 8 
| £-ar* | 2,670 | 43 66-8 | 164 
a | 2,693 44 61-2 150 
938— | | 
Mist Qr 2 37 | 67-1 166 
2nd ,, l, 26 75 +5 186 
a 1,226 20 | 2-4 202 
4th | 1/273 21 | 73-9 181 
1939- | | b i 
ist Qr | 1,360 | 3 | 65-0 159 
2nd ,, .| 1,420 23 | 78°3 | 19 
3rd ,, 1,026 17 75°4 | 186 


tractor ploughs, which are imported from Canada 
against exports to that country of Lister cream 
separators. 


Probably largely as a result of manufacturers’ 
pre-occupation with the increasing home demand, 
British exports of agricultural machinery, including 
tractors, fell from 13,899 tons, valued at 950,2241., 
in the first eight months of 1938, to 10,420 tons, 
valued at 726,906/., in the corresponding period of 
1939. This decline was spread over all the cate- 
gories shown separately with the exception of 
threshers, exports of which rose from 328 tons to 
521 tons. Exports of ploughs fell from 2,564 tons 
to 1,978 tons; of tractors, from 7,768 tons to 
5.134 tons; and of other kinds of agricultural 
machinery, from 3,239 tons to 2,807 tons. Exports 
of tractors were less than half those in the corre- 





have been made for the loan of agricultural machi- 





sponding period of 1937. The figures for total 
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exports do not include exports of lawn mowers, 
which fell from 537 tons, valued at 95,885/., in the 
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| Company. 
|site in April, and contracts were allotted for the 


first eight months of 1938, to 499 tons, valued at! building and steelwork. 


88,5101., in the corresponding period of 1939. The 
quarterly figures, given in Table II, on page 323, 
show that in the early part of 1939 there was a 
slight recovery in exports from the low level reached 
at the end of 1938, but this was followed in the third 
quarter of the year by a fall to the lowest figure 
recorded since the first quarter of 1935. 

The international exports of agricultural machi- 
nery are shown by volume in Table III, and by 
value in Table IV, on this page. The former table 
unfortunately not include figures for the 
United States, which is by far the largest exporter 
of agricultural machinery, accounting for over 80 
per cent. of the total exports by value of the coun 


does 


Some interesting statistics are available regarding 
the German agricultural machinery industry. Ac- 
cording to the report of the Fachgruppe Land- 
maschinen, the total production of agricultural 
machinery in the year ended March 31, 1939, 
was valued at RM. 520 million, compared with 
RM. 431 million in the previous year and RM. 372 
million in 1936-37. At the official rate of exchange, 
the figure for 1938 is equivalent to about 40,000,000/., 

| which compares with only about four million pounds 
|in this country in 1935, the latest year available. 
Unfortunately, the exact field covered by the German 
total is not disclosed, and there can be little doubt 
that this is considerably wider than that covered 


Work began on the preparation of the | 
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of electrical exhibits were shown at the German 
| National Agricultural Show at Leipzig in June, 
| 1939, and one firm claimed to have sold just over 
| two million agricultural-type electric motors. 

| Another possibility is the use of producer gas, 
though for tractor operation the difficulties to be 
|overcome are greater than in the case of lorries or 
*buses, since the mounting of the producer unit is 
|not easily arranged. The Minister of Agriculture 
| stated in June that, although producer gas was still 
|in an experimental stage, it was being examined 
| with care. In the early stages of the war, manu- 
facturers of producer-gas plant expressed con- 
| siderable annoyance at the extreme secrecy main- 
| tained by the Government regarding their research 
| into the use of producer gas for traction purposes. 

| Inthe United States, there has been a very rapid 





tries shown in Table IV. It is clear from these | by the British figure. The German output covers | growth in the output of low-priced small tractors. 
TABLE IIL.—INTERNATIONAL EXPORTS OF AGRICULTURAL MACHINERY. VOLUME (TONS). 
193 1034 5 1036 1937. 1938. 1939.* 
Per Per Per Per Per Per Per 
Tons cent rons cent rons cent Tons cent Tons cent Tons. cent. Tons. cent. 
United Kingdom 251 med 11,146 a) 16,215 45-4 20,112 45-6 29,479 46-6 19,365 37-4 10,420 25-2 
(iermany 10,542 Hs 11,618 7:3 11,760 32-0 17,291 0-2 22,602 35-8 21,912 42-2 19,944 48-2 
France & 807 ws 8.359 0 7.772 21-7 6,005 15-2 11,095 17-6 10,622 20-4 11,046 26-6 
Total 28,630 100-0 11,123 100-0 86,747 100-0 44,098 100-0 63,176 100-0 51,809 100-0 41,410 100-0 
TABLE 1V.—INTERNATIONAL EXPORTS OF AGRICULTURAL MACHINERY. VALUE (£000). 
" —— - 
10 1on4 1935 1936 1937. 1938, 1939.* 
| 

Z — —— a 
Per Per Per Per Per Per Per 
cent cent cent cent. cent. cent. cent. 
United Kingdom 7638 15-7 OOS 14-0 1,147 12-8 1,311 11-4 1,959 10-3 1,426 7-6 7 57 
(iermany 643 13-1 726 11-3 747 8-4 N06 8-6 1,299 6°38 1,517 8-1 1,1 9-3 
United States 2.040 60-1 4,278 66-3 6,565 73°4 8,850 76-6 15,244 80-4 15,426 82-0 10,354 | 81-3 
France 545 li-t 41 8-4 480 5-3 3833 3-3 172 2-5 436 2-3 470 | 3-7 
Total 4,806 10-0 6,450 100-0 8,939 100-0 11,540 100-0 18,974 100-0 18,805 | 100-0 12,728 100-0 


tables that, as in the previous year, the decline in 
British exports was not due to any serious fall in 
total world trade, since the monthly average exports 
by volume from the United Kingdom, Germany and 
France was 5,180 tons in 1939, against 4,325 tons 
in 1938, while the corresponding figures for exports 
by value from the United Kingdom, Germany, 
the United States and France were 1,720,000/. and 
1,570,0001. respectively. 

In the first eight months of 1939 British exports 
accounted for only 25-2 per cent. of the total by 
volume, against 37-4 per for the whole of 
1938, the corresponding figures by value (including 
the United States) being 5-7 per cent. and 7-6 per 
cent,, respectively. Both Germany and France in 
creased their share of the total exports, the former 
from 42-2 per cent. to 48-2 per cent. by volume and 
from 8:+1 per cent. to 9-3 per cent. by value, and 
the latter from 20-4 per cent. to 26-6 per cent. by 
volume and from 2-3 per cent. to 3-7 per cent. by 
value. The share of the total held by the United 
States little change and amounted to 
81-3 per cent. by value in 1939, against 82-0 per 
cent. in 1938, 

British exports of agricultural machinery are 
likely to fall still further as a result of the war, 
since practically the whole of the output is likely 
to be required in the home market. If, however, 
the measures now being taken to increase agricul- 
tural production result in a much higher degree of 
mechanisation on British farms, and consequently 
give rise to a permanently higher level of home 
demand, this may enable British manufacturers, in 
the long run, to improve their position in export 
markets. The world predominance enjoyed by the 
United States manufacturers was based on the large 
home market available, and German firms have also 
had an advantage over their British competitors in 
this respect. There is now a tendency for some of the 
larger American producers to establish factories in 
this country to supply the British and European 
demand. The establishment of the production of 
Fordson tractors in Great Britain did a good deal 
to reduce this country’s dependence on imports and 


cent. 


showed 


* January to August 


dairy machinery, and probably includes the whole 
field of agricultural implements, as well as agri- 
cultural machinery proper, and may also include a 
considerable amount of electrical plant which is not | 
included in the British total; but, even so, the 
figures show the great advantage enjoyed by the 


German manufacturers owing to the size of their | 
home market. 


In the British home market it is quite possible 
that the war may produce a number of technical 
developments, particularly as regards fuel for the 
operation of tractors and other agricultural machi- 
nery. In the last war a considerable proportion of 
the agricultural machinery available was steam- 
driven, but most of this steam-driven plant has now 
disappeared. At the present time, it is probably 
not an exaggeration to say that practically all agri- 
cultural machinery is driven by petrol, Diesel oil or 
paraftin. Up to the end of December, no restrictions 


|} were placed on oil consumption for agricultural 


purposes, but since January 1, farmers have had to 
apply for petrol rations to cover their requirements 
for tractors, engines and lorries with agricultural 
licences. So long as no serious oil shortage develops, 
farmers are likely to be allowed as much as they 
require, and in cases where the ration allowed is 
inadequate the farmer may appeal to the War 
Agricultural Executive Committee, which em- 
powered to advise the Divisional Petroleum Officer 
what is a proper allowance in the circumstances. 
Nevertheless, in view of the importance of keeping 
agricultural machinery in operation, and the heavy 
demands of the fighting services on oil supplies, 
there is undoubtedly a case for developing alter- 
native sources of power. Attention was drawn to 
the possibilities of the greater use of electricity as 
early as July, 1939, when the British Electrical | 
Development Association issued a brochure on | 
“ Electricity in the Countryside.” Although it was 
possible for them to claim that 67 per cent. of the 
total population of rural Britain is now supplied | 
with electricity, many farmers have pointed out | 
that the cost of electricity in the country is prohi- 
bitive for power purposes. A much greater develop- 


is 





to expand exports, and during 1939 further progress | ment of electrically-operated agricultural machinery 
was made in connection with the erection of a/| has taken place in Germany, where over 90 per cent. 
factory at Doncaster by the International Harvester | of the farms have a supply of electricity. Numerous 





This type was first introduced by the Allis Chalmers 
Company in 1937, and both Ford and International 
Harvester have since entered the field. An example 
of this type of tractor has an hourly petrol con- 
| sumption of | gallon at full load ; its four forward 
| speeds include a top speed of 10 m.p.h. for highways 
and a bottom speed of 1} m.p.h. for cultivating jobs ; 
the brake horse-power is 16. Tractors of similar 
| power are in use in this country, of course, and recent 
| developments have been directed towards securing 
|the maximum flexibility. Undoubtedly such ma- 
chines are what is required on the average small 
mixed farm, but there is also a market for more 
powerful types for use on the heavier soils. Among 
the smaller tractors, particular mention may be 
made of the small chain-track tractor recently intro- 
duced by Ransomes, Sims and Jeffries, Limited. 
Thé general engineering firm of 8S. E. Opperman, 
| Limited, has also recently entered the agricultural 
| machinery field with a new tractor known as the 
Mectaur, which is claimed to have special advan- 
| tages as regards flexibility. The company is erecting 
}a new plant for the production of this tractor and 
other agricultural machinery. 

Further progress has been made in grass drying, 
and, in 1939, Mr. E. J. Roberts, of the University 
College of North Wales, Bangor, reported on this 
process for the Agricultural Research Council. 
Artificial grass-drying was first tested on commercial 
farms in 1936, and by the end of 1938 there were 
96 centres in operation, including four factories. 
12 aerodromes and 72 commercial farms. In many 
of the tests it was found that high-grade dried grass 
gave results equal to those of concentrates, but in 
others the dried grass was found to be slightly 
inferior. The principal factor limiting further exten- 
sion of grass drying, however, has been an economic 
one. The average cost of producing | ton of high- 
grade dried grass is said to be about 6/., and, at 
the level of feeding-stuff prices ruling in the middle 
of 1939, the value of the grass would not have been 
any more than this. It is very probable that the 
shortage of feeding stuffs as a result of the war 
may give an added impetus to grass drying and 
the Ministry of Agriculture has advised the County 
War Agricultural Executive Committees that, in 
making ploughing-up orders, account should be 
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taken of the grass requirements of drying plants 
which are making a high-grade product. 

Apart from the feeding of cattle, the report 
mentioned above states that there is a limited 
outlet for the best quality dried grass at 10/. to 111. 
a ton for incorporation in proprietary poultry or 
pig meals. 
serious technical difficulty in drying potatoes and 
sugar-beet tops. 
bilities in the drying of the 500,000 to 1,000,000 tons 
of small potatoes which are rejected each year for 
retail sale. 








NON-UNIFORM YIELDING IN 
METALS DURING A TENSILE 
TEST. 


By C. F. Exam, M.A., D.Sc. (Mrs. G. H. Trprer). 


Ir has become increasingly evident that all 
plastic deformations, even in the most perfect 
crystals, are inhomogeneous. The non-uniform or 
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which throw some light on the localisation of the 


It is also pointed out that there is no | 


This opens up considerable possi- | 


jumps. 

Description of Recording Apparatus.—The inde- 
pendent records of load and extension were obtained 
by the use of stylus markings on a celluloid film, 
a method originally patented by Messrs. Cambridge 
Instrument Company, Limited. The arrangement is 
illustrated diagrammatically in Figs. 1 to 3. It can 
be used in addition to the recording apparatus ori- 
ginally designed for the machine. Three rolls, one a 
to hold the film 35 mm. wide, one 6 to support it 
under the stylus, and one ¢ driven by means of a 
pulley and small electric motor, are mounted in a 
frame, which is clamped to the spring shackle s. 
Each stylus is mounted on a small carrier composed 
of two flat springs 4 cm. in length, one end of which 
is rigidly fixed to the frame holding the rolls, etc., 
the other, or marking, end being free to move in one 
direction only. One stylus d is attached to the 
frame of the machine by means of a strong wire, 


|so that as the film, etc., travels with the bending 


“jumping” deformation, which was first noticed | 


by Joffé* and his collaborators in the case of rock- 
salt, has since been found to occur in a number of 
metals and alloys.t In some cases, it occurs over 
a certain temperature range or after special heat 
treatment, and the magnitude and frequency of 
the jumps varies with the stress and rate of testing. 


The extension associated with each jump may vary | 


from 5 to 64 up to 200u. The evidence is in 
favour of the assumption that the deformation is 
localised, and in this respect there seems to be a 
close analogy between such types of deformation 
and the occurrence of Liiders Lines at the yield 
point in iron and steel. Both may be described as 
examples of non-uniform deformation, and the load- 
extension curves of such substances have many 
features in common. The most interesting is the 
magnitude of the extension associated with each 
jump or yield, and the increase in the rate of 
deformation which occurs independently of any 
change in the rate of application of load. 

The recent work of Welter,t Spiath$ and others 
has drawn attention to the part played by the 
elasticity of the testing machine on the form of the 
load-extension curve obtained in such cases. This 
feature is well illustrated in the testing machine 
designed by Mr. H. Quinney|| in the Engineering 
Department, Cambridge University, which was used 
for the experiments described below. _ Briefly, in this 
machine, one end of the specimen, s (see Fig. 2), is 
attached to the centre point of a flat spring, the other, 
p. being pulled at a uniform rate by means of an elec- 
tric motor. The load is measured by the deflection of 
the spring, so that when plastic deformation is 
taking place, if the material stretches faster than 
the end attached to p is travelling, it will extend 
at the end s attached to the spring, with a conse- 
quent release of the spring and fall in load. As 
soon as the load falls below a certain value, the 
metal will stop yielding. When the amount of the 
extension has been taken up by the movement 
of p, the load will then rise once more, and may or 
may not reach the initial value before further 
extension takes place. The experiments to be 
described were undertaken to investigate these 


non-uniform deformations, particularly the rate of | *. : ; 
- | grips and heads of the test piece. 


plastic flow in relation to both load and extension. 
In the first place, a special recording device was 
made to work on the Quinney machine, which gave 
simultaneous, independent measurements of load 
and extension in relation to time. This was used 
in both tests on iron and steel, and certain alumi- 
nium alloys, which give a “jumping” type of 
deformation. Other experiments are also recorded 

* Joffé, A., Physics of Crystals, 1928, New York, 
page 50. 

+t Becker, R., and E. Orowan, Ziet. f. Physik., vol. 79., 
page 566 (1932); Classen-Nekludowa, M., Zeit. f. Physik, 
vol, page (1929); Dawidenkow, N., 
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Zeit. f. 


Physik, vol. 61, page 46 (1929) ; Schmid E., and Valouch, | 


M. 


+ 
+ 


A., Zeit. f. Physik, vol. 75, page 531 (1932). 
Welter, G., Metallwirtschaft, vol. 14, page 
(1935); vol. 16, page 885 (1936). 

§ Spath, W., Physik der Mechanischen 
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prifung, Berlin, 1938 (Springer). 
Quinney, H., The Engineer, vol. 157, page 333 
vol. 161, page 669 


(1934) ; 
1936). 


We rkstoffs- | 





of the spring, a record of this movement is obtained 
on the film. A similar stylus e is attached to the 
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other end of the test-piece to record the extension. 
A third f is fixed to give a base line for the purposes 
of measurement of the film. The film can be moved 
at different rates to suit the speed of testing. If it 
travels too fast, the diagram becomes unnecessarily 
elongated. 

Three lines are drawn on the film, one of which, 


made by the stylus f, is straight throughout the | 


test. One gives the movement of the spring without 


magnification, and hence the load ; the other, the | 


true extension, including, of course, that of the 
Any slack or 
bedding down at the beginning of the test appears 
as a nick at the beginning of the extension curve, 
as shown in Figs. 4 and 5. Plate XVII, in which 
the upper curves indicate load and the lower curves 
extension. The curves run from left to right. This 
initial error was always evident when the curves 
were plotted, by the fact that the line representing 
the elastic region of the curve did not pass through 


the zero load-extension point, but was shifted by | 


the amount of this extension. In carrying out a 


test, the movement of the film was started before | 


the load was applied, so that three parallel base 


lines were available for setting the film in the | 


measuring microscope and for fixing the zero values 
of load and extension. 


The records were measured to an accuracy of | 


0-001 cm. by a travelling microscope reading in 
two directions at right angles. Readings were made 


at intervals of 0-5 mm. to | mm. along the film | 


in the elastic range, and at wider intervals later. 
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Special points, such as the yield, were added and 
checked on both load and extension curves. It 
was found to be impossible to adjust the stylus for 
both load and extension with such accuracy that 
the beginning of both curves coincided on the 
record. Thus the chief error in plotting the load- 
extension curve might arise from failure to deter- 
mine this correctly. A check could be obtained by 
measuring special features which appeared in both 
curves and also by stopping the film or the test 
and measuring backwards. 

With the present arrangement it is not possible 
to obtain a complete, uninterrupted record of a test 
as the stylus ceases to mark satisfactorily after 
the spring attaching it to the frame has been bent 
beyond a certain point. The limit is about 7 mm. 
from the zero position. It is seldom necessary to 
release and re-set the load stylus, but the extension 
becomes relatively so large beyond the elastic 
limit that it soon exceeds the capacity of the spring 
and must be released at intervals. The slopes of 
the lines depend on the rate of testing and rate of 
movement of the film, as well as on the extension 
of the specimen and spring movement, the sum of 
the displacements being equal to the total distance 
through which p, Fig. 2, has moved from the 
beginning of the test. This is shown in Fig. 4. The 
spring movement was calibrated by means of a 
standard bar and found to be 0-162 cm. per ton. 
| Load-extension curves could thus be plotted from 
the records and are given in Figs. 7 and 8, Plate X VII. 

Tests on Iron and Steel.—Figs. 4 and 5 are repro- 
ductions of actual records magnified 6-6 times, 
obtained in the testing of a low carbon steel (0-08 
per cent. C) and Armco iron, and Fig. 6 the record 
of the 0-08 per cent. carbon steel plotted after 
measurement. The rate of loading for the carbon 
steel was 0-072 cm. per second and for the Armco 
| iron 1-02 cm. per second. The initial part of both 
| load and extension curves is straight and the load 
|eurve continues straight up to the yield. The 
| extension records all show a slight deviation from 
the straight line before the yield is reached, and 
| this appears in the load-extension curves plotted 
|in Figs. 7 and 8. This point requires further 
| investigation as no tests have yet been carried out 
| under conditions which tend to give an abnormally 
| high upper yield. The yield itself is marked equally 
|in both curves by a sudden break, due to the rapid 
extension of the test piece. The fall in load is 
almost exactly equivalent to this extension. There 
|is a further change in direction at the end of the 
| yield, which is often indicated by a nick in both 
curves. Any fluctuations during the yield are also 
reproduced in both curves, but the average rate of 
extension is constant, depending on the rate at 
which the machine is run, provided that the motor 
maintains a constant speed. It was found, in 
fact, that the motor speed did vary slightly with 
different loads but this only affects the shape of the 
curves to a small degree. 

These records show that a very close connection 
exists between the measured load and the rate of 
loading and the large increase in rate of extension 
that occurs at the yield. This will naturally depend 
| on the extent to which the load rises before yielding 
begins, on the rate of testing and on the stiffness 
of the spring. Somewhat similar records have been 
obtained by Pomp and Krisch,* the load being 
| measured by means of the change in capacity of a 
condenser placed between the test-piece and the 
grips, and the extension by means of a photo-cell 
between the two ends of the test-piece, simultaneous 
records in relation to time all being measured by 
means of an oscillograph. A large increase in rate , 
of extension at the yield point and at fracture was 
indicated. 

Tests on Aluminium Alloys.—Duralumin and 
certain aluminium alloys exhibit a jumping type 
of deformation, particularly after special heat 
treatment.t Duralumin gives a smooth curve when 
completely age-hardened, but a jumping deformation 
during the latter part of the test when pulled 
immediately after quenching. On the other hand, 
|a high-duty alloy (R.R. 72) gives a smooth curve 





* Pomp, A., Krish, A., and Mitt, K. W., Inst. Hisen- 
forschung, vol. 19, No. 13330 (1937). 

+ Elam, C. F., Proc. Roy. Soc. A, 
(1938). 


vol. 165, page 568 
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when quenched but a jumping extension in the 
annealed state. The nature of each jump is clearly 
seen in the photographs obtained with the apparatus 
just described, which are reproduced in Figs. 9 and 
10, Plate XVII. Both these figures refer to quenched 
Duralumin, Fig. 9 showing the beginning of the 
jumps and Fig. 10 the end .of the test. In both 
cases, the rate of test was 0-00162 cm. per second. 
In fact, each jump corresponds to a miniature yield, 
which occurs with such violence that the unmoved 
stylus also makes a mark. This is also the cause 
of the vibration following each jump. Each exten- 
sion results in a release of the spring, so that the 
load falls but begins to rise again as the extension 
is taken up by the movement of the lead screw 
Consequently, the larger the 
extension the longer it takes for the spring to pick 
up the load again. The time interval between 
each jump thus depends on the magnitude of the 
extension and on the rate of testing. In these alloys 
the load rises after each jump until, near the end 
of the test, it remains nearly constant. 


driven by the motor. 


The table on this page summarises tests carried 
out on the alloy R.R. 72 in the annealed state 
under different conditions of testing and on test 
pieces of different lengths and diameters. This 
alloy was chosen in preference to Duralumin because 
of the uncertainty introduced as to the state of 
age-hardening in the latter at the time of testing. 
This difficulty does not arise in an annealed alloy. 
It will be seen that a certain amount of deformation 
takes place before the jumps begin, but there is 
no very close agreement either between the loads or 
extensions. The number of jumps increase with 
length of test piece and rate of testing, but is 
influenced by other factors, such as rests, load, 
ete. After testing, the bars were very uneven 
in cross-section, thus confirming the non-uniformity 
of the distortion 

In order to obtain some direct measurements of 
the extent of each jump, a test piece was polished 
and marked by 17 fine scratches, 0-5 cm. apart. 
The test-piece was placed in the machine and a 
travelling microscope adjusted to read the distances 
between scratches. These were measured, and the 
test begun at a slow speed (0-00266 in. per minute) 
\t the first jump indicated on the record, the test 
was interrupted and the lines remeasured. This 
was repeated after each jump. At the beginning 
of the test, jumps occurred every 4 minutes to 5 
Later, when they became larger, the time 
taken to pick up the load increased to 20 minutes, 
and even longer. In all, 75 jumps were measured. 
It was necessary to stop the test over night and 
after each rest there was a slight hardening followed 
by a larger jump. The results are plotted in Fig. 11. 


minutes 


The error in measurement was of the order of 
t0-O0OL of a centimetre, and at the beginning of 
the test this was comparable with the size of the 
extensions associated with each jump. There was 
a little uncertainty about some of these, and also 
of the apparent contractions on this account. When, 
however, a slight increase persisted, it can be 
considered to be a genuine extension. The localised 
character of this deformation at once appears from 
Fig. 11, and the distances between the scratches 
soon differ. 
increase in length appeared on measurement. This 
might happen if a jump occurred outside the marks, 
i.¢., in the shoulders of the test piece. As the load 
increased the jumps became larger. The lines wer 
approximately 0-5 cm. apart, so that the region 
disturbed by each jump could be ascertained 
approximately. In the early stages it was within 
l em.; later 2 em., or even non The maximum 
increase in length between any two scratches at 
different stages of the test varied from 0-002 com 
to 0-018 em., and up to 0-022 cm. when the speci 
men began to neck. Near the end of the test an 
individual jump resulted in an extension of 3. per 
cent. in a littl more than 0-5 em. If the scratches 
had been nearer together, it might have been possibk 
to measure an even larger maximum over a smaller 
length. The extensions appear to occur in a random 
manner and in this respect differ from the spread of 


Sometimes a jump took place, but no! 
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may have been interrupted because the stress fell 
below a certain critical value. 

Discussion of Results—The question naturally 
arises as to the cause of this type of deformation. 
It is probable that all deformation is a discon- | 
tinuous process, but that in most cases the steps are 
too small to be detected in an ordinary testing 
machine. Measurable discontinuities occur in both 
pure metals and alloys, and vary with the heat 
treatment in the same alloy. They appear to follow 
damage to the crystal structure, as Schmid and 
Valouch* have shown that a zinc crystal which has 
been withdrawn too rapidly from the melt in the 
course of manufacture, or accidentally bent, deforms 
by jumps as opposed to the more usual uniform 
extension. In the case of the primary yield in 
iron and steel, and at later stages in the test after 
resting, an excessive resistance to deformation 
causes it to begin at a stress higher than is required 
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critical value. On the other hand, Orowan* has 
shown how plastic deformation in one part of the 
metal can increase the strain in adjacent parts 
and describes a progressive yielding as “self- 
promoting.” Hence a jump having started will 
tend to go on. Conditions are further complicated 
by the work hardening caused by plastic deforma- 
tion, but if, as has been suggested elsewhere,t+ 
this does not occur simultaneously with the distortion 
of the crystal structure, it does not affect the pro- 
perties of the material within the short period of a 
jump or yield. It is probable that this effect is 
slight in ductile metals such as copper having a 
low yield, because plastic flow occurs so readily that 
there can never be a large stress difference between 
the deformed and undeformed material. Moreover. 
there is no age-hardening, but rather a tendency to 
soften with time. It is clear, however, that the 
stiffness of the spring and rate of testing may 
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to continue it. There is also evidence of age 
hardening in the aluminium alloys and of a high 
stress to initiate plastic flow. The rate of extension 
is very rapid until the stress falls with the release 
of the spring. The deformed region then hardens, 
as a result of the deformation, and next time slip 
occurs elsewhere 

The first cause, then, of this particular effect 
appears to be due to an inherent property of the 
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have a large influence on the magnitude and fre- 
quency of the jumps. The ultimate stress and 
maximum elongation will not be affected seriously 
unless the total time of test is taken into considera- 
tion, when age-hardening or softening may make 
their influence felt. 

It is interesting to compare these results with 
those of Bowden and Lebenf, and Bowden and 
Tabor§ in their measurement of friction between 
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' ' Maxi Maxi- No. of eos’ 
. — Sar Jumps exten- 
Dia Length Tons mum vemean Maximum Extension t " aion 
meter Sache First Extension, Inches , i Stress Inches.t . . 
Inches nehes irs First Jump —pengagy Tons per Maxi- Inches per 
Jumy Tons sq. in. mum. Minute. 
0 i4 0-070 (1-17 per cent.) 1-o 20-1 0-509 (38-48 per cent.) oe) v QU0204 
O35 5 1-47 0-088 (1-59 per cent.) 1-91 19-9 0-416 (7-58 per cent.) 465 0 
0 . j 0-090 (1-63 per cent.) 1 oo 19-8 0-481 (8-70 per cent.) 78 0 a all 
“ * 5 4 0-053 (0-96 per cent.) 1-93 20-1 0-433 (7-89 per cent.) 67 0 00266 > 4 
401 75 0-063 (1-26 per cent.) 2.49 19-25 0-506 (10-1 per cent.) 3 0- 00266 
> 
85 & 1-48 0-140 (1-75 per cent.) 1-91 19-8 0-705 (8-8 per cent.) 69 hoy 
S40 * 1-28 )-090 (1-97 per cent.) 1-79 18-7 0-468 (0-35 per cent.) 9 0-0405 
* Test interrupted for measurement Does not include fracture Unbroken. 


material by which the stress required to initiate 
plastic deformation is greater than that required 
to maintain it. What are the conditions which 
cause a halt in the deformation and decide the 
magnitude of a jump’ These may also be attri- 
buted partly to properties of the material but also 
depend on the characteristics of the testing machine 
and method of testing. In the first place, a sudden 


the vield in iron and steel, which is a regular, | extension and release of the spring puts an end to 


progressive type of deformation It is sometimes 
found that one jump is followed by a second in the 
vuijacent metal 


his suggests that the extension ! 


plastic flow as soon as the stress falls below a certain 





sliding surfaces. ‘The time effect is here also marked 
in the shape and magnitude of the jumps, which 
they attribute to properties of the different metals 
as well as to the characteristics of their measuring 
device. The similarity of their records and some 


Orewan. E., Proce. Roy. Soe. A, vol. 171, page 79 


(1939). 

t Elam, loc. cit. 

t Bowen, F. P., and T 
vol. 169, page 371 (1939). 

§ Bowen, F. P., and D. Tabor, Proc. Roy. Soc. \. 
vol. 169, page 391 (1939). 
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of those obtained in the experiments described | neither does it refer to the use of dilute suspensions 
above is striking, and in both instances can be | of this material for running-in purposes, or to its 
attributed to what they describe as “ stick-slip ” | corrosion-reducing properties in cold-running petrol 
between metal surfaces. Their results differ in | engines. The account of the edge filter invented by 
one respect in that they did not obtain a series of | Dr. Hele-Shaw omits to mention that, for batch puri- 
jumps when like metals were used, whereas in| fication, it is usually arranged to operate under 
the present instance, the areas of contact slipping | vacuum on the delivery side, and that the removal of 
on one another must be presumed to be of the same | suspended impurities at the edges of the paper discs, 
com position. | instead of between them, enables the filter elements 
Mr. T. R. C. Fox, M.A., very kindly assisted in | 'to be cleaned by reversing the oil flow—a point of 
the measurement of the jumps. I wish also to| some importance to its satisfactory functioning in 
express my thanks to Professor C. E. Inglis for} practice. No reference to the chemical-cum-adsorp- 
facilities for work in the Cambridge University | tive methods of regenerating used oil (i.e., by acid 
Engineering Department. | followed by activated decolourising clay), used 
| extensively in Germany during recent years and of 
great importance when it is desired to remove 
| dissolved as well as suspended impurities. In 
LITERATURE. general, however, the chapter dealing with oil 
| purification is good, although the title is rather 
misleading ; only the reclamation of used oil is 
considered, and not the refining of new oils. Cutting 
lubricants, and many specialised branches of lubri- 
As a descriptive survey of the more practical con- | ie wgpie Oe Ee SR soap sepa e 
siderations in the selection and application of | of this em pee Se the sochetien ner 
regen a — eine posers wars refining of crude petroleum. Some of the theories 
of Lubrication, published by the same firm. It is | | Put tet ee sh hem Ss eraite aogier 
profusely illustrated, and although many of the | in mes any the Sabecia sensiildant catalogue 
illustrations have been taken from the trade publi-| + pean Be it tin re oe 1 ita Bsus 
cations of one firm of lubricant manufacturers and |}. ommend A aaa Chore’s cok an a fete 
several American makers of lubricating appliances, addition to. the Mecratere of lnbeication : yet it 
it is convenient to have them collected thus in a sotennes cpiieniidenl. etiiiies onmnuinl asheaier ona 
single volume. The author, as a former technical Cetin of data. The 4 on they ave preséated 
editor with an American oil company, has evidently whh only 4 siiiteanioe of critical olemner gives it 
of Ls edoenan - ner tart “in a. rather the status of a technical dictionary ee that 
> ate : m ; “| of a text-book, and requires that the reader, in 
that i personal practical experience in th | onsling iy could arin mind. that no 
eh Py By . 9 f +s co, | exhaustive. Nevertheless, it is a production whic 
ioe, Asa mel, the city of the bok is ome pith the engimer nor the oil tecnologia can 
omissions. The chapter dealing with lubrication oe f= ea scihps| euel'ten scdap'amifethe 
appliances and systems is particularly good, and eet a 


the treatment of the lubrication of steam turbines | *” ee Re eee ee 
and internal-combustion engines is fairly complete ; 
but nothing is said of one of the most vital problems 
facing lubrication technologists, namely, the rapid 
increase in corrosive acidity with certain types of 
solvent-refined oils—often without apparent reason 

and the way in which some of the newer bearing 
alloys are attacked by organic acids developed by 
the oxidation of lubricating oils (again, certain 
solvent-refined oils are especially concerned) in 
high-speed and high-performance internal-combus- 
tion engines. 

The oil specifications given in various chapters 
should prove useful, despite the fact that the vis- 
cosities are usually given in Saybolt units and at 
100 deg. and 210 deg. F., instead of the 70 deg., 
140 deg. and 200 deg. F., more familiar in this 
country. It should be noted, however, that they 
are effective only as guides and do not constitute 
purchasing specifications, several essential qualities 
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Lubricants and Lubrication. 
London : McGraw-Hill Publishing Company, 
[Price 33s.]} 
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Limited. [Price 


Steam Conquers the Pacific. 
London: Hodder and Stoughton, 
10s. 6d. net). 

Mr. A. C. WARDLE is well known on Merseyside 

as the secretary of the Liverpool Nautical Research 

Society, and has contributed some valuable historical 

papers to its Transactions. To this centenary 

history of the Pacific Steam Navigation Company, 
therefore, he has been able to bring not only the 
primary requirements of a wide knowledge of 

sources and a painstaking industry, but also a 

matured sense of comparative values, wherewith 

to appreciate the full significance of William 

Wheelwright’s vision of steam navigation on the 

Pacific coast of South America. Incidentadly, his 

sketches of the careers of Wheelwright, the American- 

born founder of the line, and Captain George 

Peacock, R.N., the remarkably versatile and 

being omitted in most cases. In the chapter dealing | resourceful senior commander of the company’s 

with tests of lubricants, many of the illustrations | early steamers, are notable contributions to indus- 
are merely photographs taken from makers’ cata- trial and economic biography. 

logues, and, in several instances, either the tests| The true magnitude of the undertaking is almost 

are not described at all, or the description is so| impossible for the modern mind to visualise ; the 

meagre as to convey very little to a reader not} setbacks encountered, and the high courage with 
already conversant with the apparatus. The| which they were confronted and overcome, are 
account of methods of measuring “oiliness” is| worthy of comparison with the greatest achieve- 
quite inadequate, being restricted to a short descrip-| ments of the venturers who first charted these 
tion of the Herschel machine ; no mention is made| waters. The Chile and Peru, the two steamers 
of the extensive and valuable research on this subject | which inaugurated the service in 1840, were of 
carried out in this country and elsewhere during the | 700 tons only, and of correspondingly limited bunker 
past twenty years. capacity. Stores of coal had to be sent out in 

Although oil-film pressures and the formation of | advance and future supplies similarly organised 
films between frictional surfaces are discussed in| until arrangements could be made to work the 
some ten pages, there is no reference to the Michell | deposits discovered by Peacock at Talcahuano. 
principle of bearing design, except in so far as a| When the Chile struck a reef off Valparaiso, Peacock 
single illustration of a Kingsbury bath-oiled bearing, | had to remove her machinery and heave her down 
with three lines of description, can be regarded as| in an open roadstead until the keel was out of the 
covering also the Michell type. This is truly an| water, in order to execute the necessary repairs. 
astonishing dismissal of one of the greatest advances | Finance, mismanagement at home, and the tradi- 
ever made in lubrication, or, for that matter, in| tional instability of South American politics com- 
mechanical engineering, even allowing for the fact | plicated the realisation of the company’s purpose, 
that the Michell bearing is not found, under that| and often placed its future in jeopardy; but it 
name, on the United States market. The chapter on | survived to become the world’s largest steamship 
solid lubricants devotes less than a page to that inter-| line, and, although this particular distinction has 
esting and useful development, colloidal graphite . ,| since been lost, the passage by the Chilean Parlia- 
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ment of the Cabotaje Law has caused their with- 
drawal from the coastal cargo-carrying service, 
and recent years have brought new dangers to the 
prosperity of shipowners, “the Pacific Steam 
Navigation Company,” in the author’s words, 
“has emerged with its title and charter intact.” 
Mr. Wardle has done his work well, and has gathered 
in the book and its appendices a store of facts 
which deserved to be put on public record; and 
if, for a man of facts, he is rather casual about 
the spelling of proper names—Maudslay, Preble, 
Serrin, Lindsay, and even Brassey's Naval Annual 
suffers thus at his hands—these slips are usually 
obvious enough to cause no misunderstanding. 





Introduction to Electrical Machines. By A. W. Hirst. 
Induction Motors. By 8S. G. Monk. London and 
Glasgow : Messrs. Blackie and Son, Limited. [Price 
5s. net each.) 

THESE two books are the first two volumes of a 

new series, designed to provide, at a low price, 

separate monographs dealing with the various 
branches of electrical engineering. As the title 
indicates, the book by Mr. Hirst, who is the general 
editor of the series, is intended as an introduction 
to the subject as a whole, and accordingly deals 
with the fundamental principles and descriptive 
matter which are common to the several sections. 
These have been chosen with careful judgment and 
include electromagnetic induction, magnetic circuit 
calculations, the electromagnetic machine, insulation 
and insulating materials, losses, the heating and 
ventilation of electrical machines, and wave form 
and harmonic analysis. Although much familiar 
ground is covered, experience shows that the inexpert 

reader sometimes finds difficulty in applying a 

general treatment to specific cases. To the lecturer, 

a logical comprehensive treatment appeals more 

strongly ; and an author may well regard it as 

ideal. It remains to be seen whether the scheme 
of a series of detached small volumes is more gene- 
rally satisfactory than the more customary large 
treatise. The compilation of the present volume 
has been carefully done, superfluous matter being 
rigorously excluded, and the diagrams are excellent. 

By the inclusion of the chapter on wave form and 

harmonic analysis the author rightly appreciates its 

importance ; but the treatment of Fourier’s theorem 
might be further simplified, when the normal needs 
of the electrical engineer only are considered. 

The volume dealing with the induction motor is 
less successful. The main facts about the induction 
motor are well known and are treated satisfactorily 
in many text-books. There is no particular virtue 
in publishing such standard knowledge separately 
unless some improvement can be made on what 
has been done before. It happens that the 
induction motor readily lends itself to simple and 
elegant treatment; but simplicity and elegance 
are not noticeable in this instance, although the 
basic information is covered. Some of the explana- 
tory statements—for example, the reference to 
“the rotor ampere-turns, which are almost equal 
and opposite to those of the stator ’’—cannot be 
regarded as happily phrased. The wisdom of 
retaining the term “synchronous watts” is open 
to doubt. In a vector diagram, where vectors 
may have different velocities, great care should 
be exercised. 
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DiscovERY OF Basic REFRACTORY MATERIAL IN 
CANADA.—Research work conducted at the Canadian 
Bureau of Mines at Ottawa on the recently discovered 
deposits of Brucite in Ontario and Quebec have shown 
that the mineral will be of value for the manufacture of 
basic refractories for the steel and metallurgical indus- 
tries. Brucite is a magnesium-bearing mineral and the 
deposits are at Rutherglen, Ontario, and near Bryson 
and Wakefield, Quebec, all of which, it is pointed out, 
are within easy reach of transport facilities. The brucite 
occurs in the form of small crystals or grains in crystalline 
limestone and comprises about 25 per cent. to 30 per cent. 
of the weight of the rock. The process, developed as a 
result of the Bureau’s research, enables pure magnesia to 
be obtained, apparently at a cost which will enable it to 
compete with the imported material. Magnesia of equiva- 


lent purity, it is stated, has not, hitherto, been available 
from any Canadian source and had to be brought into 
the Dominion from the Western United States, Europe, 








and Asia. 
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FIFTY YEARS OF MARINE 
ENGINEERING.* 


By Proressor A. L. Mettansy, D.Se., LL.D. 


Ir has for long been my opinion that the greater 
number of all improvements in engineering practice 
have been due to the application of scientific principles 
to design and manufacture, and that to a great and 
often unappreciated extent both experimental and 
analytical research have contributed to the initiation 
and appreciation of these principles. Often, owing 
to the long time that has elapsed between the discovery 
and the application of some new principle, the origin 
of the idea and the identity of the discoverer have | 
become obscure and the credit for any advance has | 
frequently been given to him who had the quickness of | 
vision necessary to see the value of the application. 
I am proposing, therefore, to develop this lecture by 
telling you something of the work of the men who were 
first responsible for the step-by-step advances, and 
thus to preserve some record of their influence upon 
progress in @ manner which makes appreciation more | 
easy than does the continual reference to the proceed- 
ings of different scientific institutions. 

If we direct our attention to the ordinary reciprocat- 
ing marine steam engine, the first impression will be the 
apparently small change that has taken place in the | 
general appearance of the engine over a period of | 
fifty years; but it is well to note that many of the| 
improvements which we now consider to be representa- 
tive of modern practice were advocated and had their 
claims presented to the engineering world by the 
pioneers of the last century. Reduction in weight, 
coupled with improved efficiency and reliability, have 
been the aim of designers for many years and so we | 
shall find numbers of papers dealing with effects of | 


speed, influence of boiler and condenser pressure, and | 
the results to be obtained by varying cylinder ratios | 
scattered through the Proceedings of the Institutions | 
during the last fifty years. 

The first paper to which I would draw your attention | 
is one presented to the North East Coast Institution of | 
Engineers and Shipbuilders by F. C. Marshall and R. L. | 
Weighton (1885-6). Here a plea is made for weight | 
reduction, and although the proposals put forward are 
primarily intended for the most modern type of vessels 
of war, yet it is indicated that many of the suggested 
changes could, with advantage, be used to save dead- 
weight in merchant vessels. In considering the effect of 
pressure the following cautious statement is made : 

that coal economy increases considerably with higher 
boiler pressures is a fact established by natural law 
and now amply confirmed by practice for pressures up 
to at least 180 lb. per square inch.”” Doubt is, however, | 
expressed upon the influence of high pressure on weight, | 
and from experience up to that date it is suggested that, 
when a pressure of 100 Ib. per square inch is exceeded, 
it does not much matter what particular pressure be 
adopted, so far as concerns the power which can be 
derived from a given weight. The main emphasis is 
placed upon the importance of increased piston speed, 
but attention is also called to the necessity for special 
design when speeds such as those proposed are adopted. 
Of interest is the warning that the main distribution 
valves are likely to give trouble unless special attention 
is given to the forces set up in the valve gearing while 
working at high speeds of reciprocation, a point that 
is emphasised by the introduction of a diagram showing | 
the actual stresses, as indicated by a dynamometer, | 





set up in the valve spindle of the low-pressure cylinder | 
of an engine running at high speed. The importance 
of suitable material is properly stressed and it is stated 
that, for many parts, steel is essential. 

There is a present-day sentiment in the paragraphs 
dealing with boilers and forced draught, where it is 
emphasised that ‘ while speed of piston is the feature 
which chiefly distinguishes the class of engines with 
which we are dealing, forced draught is no less the 
characteristic of the boilers which are usually associated 
with these engines.”’ The importance of forced draught 
in weight reduction is strongly urged and the statement 
made that with a plenum in the stokehold of from 2 in. 
to 2) in. water gauge the power can be quite readily | 
increased 50 per cent. Criticism, on the lines of the 
general impression that forced draught is exceedingly 
wasteful of fuel, is anticipated by the presentation of a | 
series of boiler tests where results are given quite up 
to the standard of natural-draught combustion. This | 
paper, although written more than fifty years ago, | 
shows how essentially modern the authors were in| 
their outlook and how real an appreciation they had of 
the essentials of the problems with which they were 
confronted. 

Another noteworthy contribution to the weight- 
reduction problem was made by E. Hall-Brown 
(1889-90). In his paper the author directs special 


* The twelfth Thomas Lowe Gray Lecture, delivered | 
before the Institution of Mechanical Engineers on Friday, 
March 15, 1940. 


Abridged. | 





| the efficiency decreases, 
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attention to the efficiency of the propeller and points | second and third vessels were the s.s. Colchester and 
out that the efficiency of the propelling machine | the s.s, Tartar. The Colchester was a twin-screw vessel 
is not measured by the coal consumption per indicated | fitted with two-cylinder compound engines. The 
horse-power per hour, but by the coal per hour usefully | Tartar was described as a fine example of the triple- 
exerted at the propeller. Curves presenting the change | expansion engines used in large cargo vessels, working 
of efficiency with propeller speed are referred to. Such | with a boiler pressure of 140 lb. to 150 Ib. per square 
curves show how the efficiency of a propeller increases |inch. The Fusi Yama showed a boiler efficiency of 
largely with speed of revolution until the maximum | 67 per cent. and a coal consumption of 2-66 Ib. per 
efficiency is obtained ; beyond this speed of revolution | indicated horse-power-hour. The Colchester had a 
but more slowly. Slight | boiler efficiency of 62 per cent. and a coal consumption 
variations above or below the proper speed of revolution | of 2-9 lb. per indicated horse-power-hour, and for the 
have little effect upon the efficiency and consequently | Tartar, it was estimated that, as the boiler was pro- 
it may be admissible to run the propeller slightly | ducing very wet steam, the real efficiency was about 
faster than the proper speed in order to reduce the | 70 per cent. The steam shown by the indicator to be 
size and weight of the engines. Such variations are, | present in the high-pressure cylinder at cut-off was 
however, greatly restricted and the author points out | only 45.per cent. of the total feed. The coal consump- 
that to exceed the speed of current practice so as to | tion was 1-82 lb. per indicated horse-power-hour. 

produce any appreciable weight-reducing effect would| The discussion on this report showed convincingly 
be out of the question. Thus it follows that the propeller | how much the information it gave upon the machinery 


is an effectual bar to the adoption of high-speed engines | performance at sea was appreciated by engine and 
| boiler makers. It also stressed the necessity for using 





| peller. 


in cargo boats unless means are adopted whereby the | 


engine may run at any desired speed while the main 
shafting revolves at the speed best suited for the pro- 
The obvious solution to the problem is the 
employment of gearing and this Mr. Hall-Brown boldly 
advocates, intimating at the same time that he did 
not make any claims for originality in the suggestion. 
From a study of the discussion following this paper 
it will be noticed that the proposal to run the propeller 
comparatively slowly at the rate of revolution best 
suited to it, while the engine ran at a much greater 
speed, was not received with enthusiasm. Many of those 
present could remember when all large screw engines 
were geared engines, but with this difference, that the 
engines were then running more slowly than the 
propeller. To forsake the simplicity that had then 


| been gained, by coupling the engines direct to the 


propeller, appeared to be a backward step and as such 
could not be supported. Now that gearing is so largely 
employed in the marine service, both for turbines and 
reciprocating engines, some astonishment may be 
felt by our younger engineers that there should have 
been serious objection to its adoption, but it is well 
worth recording, in view of present practice, that the 


| principle was suggested in all seriousness fifty years 


ago. It may be mentioned that, in a paper given by 
F. C. Marshall to our own Institution, in 1881, reference 
is made to a three-crank compound engine working 
under a boiler pressure of 90 lb. per square inch with a 
piston speed of 605 ft. per minute. By 1889, Atlantic 
liners were working with pistons speeds of 900 ft. pe? 
minute, and machinery had been designed by R. and W. 
Hawthorn, Leslie and Company for the Italian Navy, 
with a piston speed of 1,020 ft. per minute. 

At this period much discussion took place upon 
engine and boiler performances at sea ; and the advan 
tages to be obtained from making measurements of 
feed water, coal, and horse-power with the ships in 
actual service were often stressed. In this direction, 
our own Institution played a prominent part and, by 
instituting the Marine Engine Trials Committee, 
initiated a policy which must have had a very great 
influence upon marine engineering. The appointment 
of this Committee may have been largely influenced 
by a paper presented to the Institution by R. Wyllie 
in 1886. In view of modern development, it is worth 


| while noting the following statement made in the early 


part of the paper: ‘“ The most important conditions 
to be considered in order to obtain an efficient engine 


| are that there should be approximate equality, firstly, 
| in the range of temperature in each cylinder ; secondly, | 


in the initial stresses on each crank; and thirdly, in 
the indicated horse-power of each cylinder.” 
stress upon the importance of equal temperature ranges 
in each cylinder appears repeatedly throughout the 
paper and discussion, while references are also made 
to the fact that the steam consumption, as shown by 
the indicator card, did not measure more than about 
75 per cent. of the steam actually used. 


The Annual Report of the Council for 1887 mentioned | 
“a Research Committee has been appointed to | 


that 
draw up a standard system for conducting Marine 
Engine Trials and to arrange for the carrying out of 
such trials in accordance with this system. The 
organisation of this research has been kindly under- 
taken by Professor Kennedy.” This committee rapidly 
got to work and the first trial trip of the s.s. Meteor, 
in which measurements of indicated horse-power, feed 
water, coal, etc., were organised and supervised by the 
committee, was made in June, 1888. The first report 
of the committee appears in our Proceedings for 1889. 
The vessel was fitted with triple-expansion engines 
working under a boiler pressure of 145 Ib. per square 
inch. The results of the trial showed that the boiler 
efficiency was about 62 per cent. and that the steam 
consumption of the engines was 15 lb. per indicated 
horse-power-hour. 


¢ a sec > r ~sente 2a li ri 
In 1890, a second report was presented, dealing with | 


the trials of three vessels. The first was the Fusi Yama, 
fitted with a two-cylinder compound engine under 


boiler steam at 60 Ib. to 70 Ib. per square inch. The ' 





This | 


|} some instrument to determine the dryness fraction of 
| the steam leaving the boilers. 
In 1891, a report was given upon the s.s. Iona, a 
| vessel fitted with triple-expansion engines, with a 
| boiler pressure of 165 Ib. per square inch. The boiler 
| efficiency was given as 69 per cent. and the coal con- 
|sumption as 1-46 Ib. per indicated horse-power-hour. 
| In 1892, another report was presented, dealing with the 
performance of the Ville de Douvres. The interesting 
| feature of this trial was that the vessel belonged to the 
| Belgian Government and that assistance in making the 
| observations was given by several Belgian scientists. 
| Finally, I would refer to the paper appearing in the 
| Proceedings for 1894, written by Mr. (now Professor 
| Sir Thomas) Hudson Beare. in which a general com- 
| parison is presented of the whole of the trial results. 
| This paper gives an excellent presentation of the 
| powers, consumptions, and efficiencies of many vessels, 
| then typical of the different classes of marine service. 
The experience gained from those trials had only a 
limited application. It is true that large departures 
from the proper lines could be noted and obvious 
| inefficiencies could be corrected, but very few condi- 
tions could be changed when once a vessel was in 
pees and effects upon efficiency due to variations in 
number of expansions, in cylinder proportions, in 
changes of the point of cut-off in intermediate- or low- 
| pressure cylinders, or in crank angles, could not be 
|determined. The necessity for exact information 
| upon such points was recognised by marine engineers, 
| and it was due to this recognition that the provision for 
la programme of well-organised research was soon made. 
In 1891, the late Professor R. L. Weighton was 
appointed to the Chair of Engineering at the Durham 
College of Science (now King’s College), Newcastle- 
upon-Tyne. He had the happy idea of associating the 
marine engineers of the North East Coast with a 
| programme of research and of obtaining their assistance 
jin procuring the experimental plant upon which his 
'researches could be made. The engines and boiler, 
which he designed in full detail, were a free gift to 
the College, contributed by between 40 and 50 firms, 
mostly situated on the North East Coast. In a paper 
describing the engines and giving the results of 
some of his experimental work, Professor Weighton 
| (1896-97) states that “‘the engines and boiler were 
| contributed on a system which seems to be unique in 
| the history of such matters.” The engines, designed 
mainly for research work, were of the vertical marine 
condensing type, capable of working single, double, 
triple, or quadruple expansion, on four separate cranks. 
The boiler was of the ordinary single-ended multi- 
|tubular marine type designed for a working pressure 
of 210 Ib. per square inch. 
| Of the problems that were then exercising the minds 
of marine engineers, one of the most important was that 
associated with the number of expansions that should 
be given to the steam for the most efficient working 
of the engines. The general belief was that a large 
number of expansions was associated with maximum 
economy, a conclusion which would appear to be fairly 
reasonable when nothing more than the expansion 
curve of steam is studied. The difficulty here raised 
is that a high expansion rate necessitates a low mean 
leffective pressure. It seemed that the choice lay 
between a large and consequently costly engine with a 
low steam consumption and a smaller, cheaper, and 
less weighty engine with a high consumption. Another 
subject of general discussion was that of initial conden- 
| sation in steam-engine cylinders. It seems to have been 
a very general belief that “ initial condensation ” was 
the main enemy to be overcome before any great 
advance could be made in engine economy. Even 
to-day, in spite of the knowledge that has been gained 
by experimental workers, belief in the importance of 
initial condensation is still very widespread and most 
of the information available as to the real nature of 
| this phenomenon appears to be either unknown or 


| ignored. 








(To be continued.) 
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POWER SUPPLY AT THE MANNING. | Initially the spinning section of the mill, which is a 
HAM MILLS OF MESSRS. LISTER| six-storey building, 360 ft. long by 64 ft. wide, with a 


capacity of 75,000 spindles, 
indicated horse-power horizontal tandem compound | 


AND COMPANY, LIMITED. 


THE increasing demand for goods of all kinds that 
has a*isen during recent years, as a result of the growth 
of the population and the better distribution of wealth, 
has brought about the introduction of improved 
methods in manufacture. This improvement has 
been assisted by the skill and ingenuity which have 
been exercised in the design of the great variety of 
machinery now employed for the purpose. In no 
direction have these qualities been exhibited with 
more effect than in the fields of power production and 
utilisation. The result is that a modern factory can be 
equipped with plant which operates at the highest 
efficiency, requires a minimum of maintenance and 
repair costs, and is easy to control. The installation of 
such a plant is not, however, the sole prerogative of a 
new factory, for it can be made available even in those 
works which have been in operation for some time. 
Schemes of conversion are, therefore, common, and 
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was driven by a 1,500- | 
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of 18 months, and in this way valuable information 
regarding the actual conditions during both the winter 
and summer months was obtained. When the steam 
consumption for process and heating purposes had 


engine through spur gearing, a second-motion shaft | been separated from that required for power, it was 
and an upright shaft which alone weighed 42 tons. | found that all the power necessary could be produced 
The 360-ft. line shafts in each room were driven from | by raising the steam pressure to 250 Ib. per square inch, 


this shaft through six pairs of cast-steel bevel wheels. 
New cylinders’ were fitted to this engine in 1912. The 
combing and dress-silk fabrics weaving sheds ‘were 
driven by a number of small engines through gearing, 
but in 1894 a 1,500-indicated horse-power cross-com- 


| installing back-pressure turbines, and utilising exhaust 
steam at 20 lb. per square inch for process and heating 
purposes. The overall thermal efficiency of such a 
scheme was estimated to be as high as 70 per cent., 
compared with the 25 per cent. to 30 per cent. obtainable 








pound horizontal engine operating through 35 ropes, | with straight condensing sets. 


1§ in. in diameter, which were carried on a pulley | 


It was decided to proceed with the conversion scheme 


25 ft. in diameter and 8 ft. wide, was installed.; This | in 1931, and as there was no space available for the 
engine, which is illustrated in Fig. 4, page 334, was con- | accommodation of the new plant, considerable ingenuity 


structed by Messrs. Hick, Hargreaves and Company, | had to be exercised in its installation. 
Limited, Bolton. It was in use until about five years | adopted is shown diagrammatically in Fig. 1. 


The layout 
To 


ago, and during its lifetime ran over 100,000 hours with | begin with, ten Lancashire boilers of the dish-end type, 
only 15 hours breakdown time. The dyeing and finish- | each of which supplied 12,500 Ib. of steam per hour, 
ing departments, which were of a somewhat later date | (normal rating) at a pressure of 250 lb. per square inch 
than the rest of the mill, have been operated by direct- | were constructed by Messrs. John Thompson (Engin- 
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eering) Company, Limited, Wolverhampton, and each 
of these was installed in the space occupied by two of 
the old 120-lb. per square inch boilers mentioned above. 
Temporary connections were made to the existing 
steam range and the process of removing two old 
boilers and installing a new boiler was repeated until 
the ten new boilers had been completed. These boilers, 
|which can be seen in Figs. 6 and 7, Plate XVIII. 
were equipped with coking stokers constructed by 
Messrs. James Hodgkinson (Salford), Limited, Pendle- 
| ton, while automatic feed regulators, and mountings, 
were fitted by Messrs. Hopkinsons, Limited, Hudders- 
| field. The soot blowers were supplied by the Messrs. 
Boiler Tube and Flue Cleaning Company, Limited, 
Glasgow, the soot being blown from the flues into the 
| boiler downtake along the main flue, through the 
|economisers and up into a Howden Vortex ' dust- 
| extractor. A coal and ash-handling plant, constructed 
| by Messrs. Bennis Combustion, Limited, Bolton, was 
| also installed. As shown in Fig. 1, the feed water is 
| pumped into the boilers through a parallel-flow econo- 
miser, which was constructed by Messrs. E. Green and 
Sons, Limited, Wakefield. This consists of 1,920 tubes, 
each 13 ft. long, which are arranged in six groups and 
are fitted with motor-driven scraper gear. The super- 
| heater, with which each boiler is fitted, was supplied 
| by Messrs. The Unit Superheater and Pipe Company, 
| Limited, Swansea, It has a heating surface of 400 
|sq. ft., and increases the temperature of the steam 
| from 406 deg. F. to 625 deg. F. The draught plant 
consists of one induced-draught and two forced-draught 
| fans. Kach of the latter has a capacity of 32,700 cub. ft. 
| of air per minute, while the former is capable of dealing 
| with 116,000 cub. ft. of flue gas per minute at a 
|temperature of 275 deg. F. All these fans were con- 
| structed by Messrs. James Howden and Company 
| (Land), Limited, Caxton House, London, 8.W.1, and 
| are fitted with that firm’s vane-control system. 
| Steam from the boiler plant just described is supplied 
| to two back-pressure turbo-alternators at a pressure of 
| 245 lb. per square inch, and a temperature of 625 deg. F. 
| These machines, the appearance of which will be clear 
| from Fig. 3, page $34, were constructed by Messrs, The 
General Electric Company, Limited, Magnet House, 
| Kingsway, London, W.C.1. Each has an output of 


| 1,875 kW at a speed of 3,000 r.p.m., and is direct-coupled 


| to an alternator which generates three-phase current at a 


| pressure of 400 volts and a frequency of 50 cycles. 


| The high-pressure casing and valve chest of each turbine 
is of cast steel and is split on the horizontal centre line. 


|The joint between the two parts is metal-to-metal 
| and suitable registers are provided for ease in assembly. 


these often give rise to problems which are of great | current motors since 1888, energy being supplied in| The rotors are solid steel forgings, which are pressed 


interest to the engineer. 


|recent years by a 700-kW mixed-pressure turbine,| and keyed on to a mild-steel shaft. 


The first wheel 


° . o . le . . : 
{n example of such a conversion has recently been | running at 2,500 r.p.m., and direct-coupled to a 220-volt | is of the velocity-compounded type, after which there 
) - | . q 


completed by the well-known firm of Messrs. Lister | twin generator, and from a 500-kW motor-generator, | are nine Rateau wheels. 


All these wheels were stati- 


and Company, Limited, at their Manningham Mills on | the three-phase motor of which was fed from the mains | cally and dynamically balanced individually as well as 
of the Bradford Corporation at a pressure of 400 volts | after assembly, and after the blading had been com- 
and a frequency of 50 cycles. This turbine is illustrated | pleted. All the blading and shroudings are of stainless 
in Fig. 5, page 334. The steam necessary for the various | steel. The diaphragms are of cast steel with stainless- 
units mentioned was obtained from seven 30 ft. by 8 ft.| iron guide blades, and are split on the horizontal 
Laficashire boilers at a pressure of 120 lb. per square | centre line. The nozzles, which are accurately formed 


the outskirts of Bradford. This firm is engaged in | 
the manufacture of velvet, furnishing fabrics, knitting | 
wools, dress-silk fabrics and silk and woollen yarns, 
and it is interesting to recall that it was founded 
as long ago as 1838 by Samuel Cunliffe Lister, after- | 
wards Lord Masham. 





was largely used in the early stages of preparing | purposes. 


wool. Lister’s first ambition was to invent machinery | 
for combing fine Botany wool, and in 1843 he was 
successful in designing a machine which brought in 
large royalties and was responsible for an early exten- 
sion of the Manningham Works. Twelve years later 
he turned his attention to the possibilities of silk waste, 
which at that time had no market value. After 
spending very large sums in experiments, he finally 
succeeded, in 1867, in perfecting machinery for combing 
and spinning this waste. To carry out the necessary 
process of manufacture, the present Manningham Mills 
were constructed, including the well-known chimney 
and landmark which is known as Lister’s Pride. This 
chimney has a height of 255 ft., measures 21 ft. square at 





In those days, hand labour | inch, while six similar boilers supplied steam for process | and ground to reduce losses, are made of stainless 
Further demands for these purposes in the | steel, so as to reduce the effects of the high-pressure 


dyeing and finishing sections were met by four Lanca- |and high-temperature steam. All except one are of 


| shire boilers supplying steam at 80 Ib. per square inch| the automatic type and are grouped so as to give 


and eight boilers at a pressure of 60 Ib. per square inch, | automatically the maximum practicable economy at 


which were installed in two separate boiler houses. Some | all loads. 
| both on the external and internal glands. 


of these boilers were installed as long ago as 1887. 

It will be realised that such a plant, even though | bearing is of the Michell type, and, like the other 
still in good working order, was hardly likely to con-| bearings, is lubricated by oil under pressure, which is 
tinue operating in accordance with modern standards | supplied from a geared pump at 10 Ib. per square inch. 
In 1929, therefore, the engineering staff |The lubricating system is closed and consists of the 
of Messrs. Lister and Company, under the direction of | usual tank, strainer and cooler. 


of efficiency. 


their chief engineer, Mr. M. Brookes, A.M.I.Mech.E.., | 


Packings of the labyrinth type are used 
The thrust 


The governor is designed to give a momentary speed 


began the preparation of a series of charts to discover | variation not exceeding 6 per cent. and a permanent 
the rate of flow per hour of the steam used for heating | variation not exceeding 3 per cent. when full load is 


and process purposes, as well as the variations in the | thrown off or on the turbine. 
the base, 20 ft. square at the top, and weighs 8,000 tons. | power load. These charts were made daily for a period ' within 5 per cent. above or below normal is ‘possible, 


Speed adjustment 
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and is effected by a motor which is controlled from the | 


switchboard. In addition, an emergency governor is 
fitted, which is designed to operate at about 10 per 
cent. above the normal running speed, 
this speed. 

An automatic oil-operated spill-over valve is pro- 
vided to pass surplus steam to a separate condenser 
and to control the supply of exhaust steam at a pressure 
of 20 Ib. per square inch for process purposes, It 
was specified that under all combinations of load, 
from no-load to 25 per cent. overload, or quantity of 
steam from 100 lb. per hour to the maximum available, 
the pressure was not to vary by more than } lb. per 
aquare inch above or below the normal. The gear is 
designed so that no hunting will occur at any load or 
when any amount of steam from zero to full capacity 


is being passed out. Hand adjustment is fitted so that 


the pressure of the exhaust steam can be altered by 
Ib, from the normal 20 lb. per square inch. The 
condenser, into which the steam not required for 


process purposes 1s exhausted, is of the jet type and 
ix the same condenser which was used by the mixed- 
pressure direct-current machine, referred to above. 
This condenser gives a vacuum of 8 in. at the exhaust 
flange of each turbine when the machines are generating 
at three-quarters full load and not exhausting into the 
20 Ib. per square inch pressure main. 

The alternator, which is direct-coupled to the turbine 
through a self-aligning coupling, is designed to give 
cool and silent running under continuous service. The 
stator frame is of cast iron, the core being built up of 
steel laminations of a quality which reduces the eddy 
current and hysteresis losses to a minimum. Air ducts 
are arranged at frequent intervals in the core, so that 
the iron and windings both receive an ample supply 
of cooling air. The stator conductors, of which there 
is one per slot, are insulated by mica under pressure, 
and are secured by wedges. The end windings are 
supported by rings bolted to the stator and are designed 
so that they will not be damaged under short-circuit 
The windings are completely protected 
by end shields, which are bolted to the stator frame. 
The rotor consists of a solid-steel forging, which 
integral with the shaft. The windings, which 
consist of copper strips insulated with mica, are inserted 
in milled slots and are kept in position by dovetailed 
wedges. Excitation is provided by a machine erected 
on the same bedplate as the alternator and driven from 
the turbine shaft. In addition, two separate exciters, 
each of which is driven by a protected type squirrel- 
provided. Cooling is effected on the 


conditions, 


In 


cage motor, are 
closed system 
The steam required for process purposes is exhausted 
at a pressure of 20 Ib, per square inch into a 20-in. 
diameter low-pressure steam main, which runs for a 
distance of 720 ft. to the dyeing and finishing depart- 
ments, This pipe, which was supplied by Messrs, John 
Thompson (Engineering) Company, Limited, is made 
up of fein. steel plate, which was butt-welded electri- 
cally and is fitted with bellows-type expansion pieces 
at regular intervals, The total steam required in the 
mills for process and heating purposes is shown on the 
chart reproduced in Fig. 2, page 329, from which it will 
be seen that peak loads of 105,000 Ib, per hour are 
reached at times. The lower shaded area represents 
the steam exhausted by the turbines, which averaged 
62,000 Ib. per hour when the load on them was 2,350 kW, 
while the portion hatched with lines running down 
wards to the right represents the amount of ** make-up ” 
steam which is supplied directly from the boilers 
through an Arca reducing valve. A desuperheater 
is installed, supplied by Messrs. British Arca Regu- 
lators, Limited, so that the temperature of the low- 
pressure steam is mainta‘ned constant at 300 deg. F. 
The small shaded area near the centre of the diagram 
represents the amount of steam passed into an old jet 
condenser, which only operates for about half an hour 
at the end of the day and sometimes on Saturday 
mornings. A very complete system of costing, which 
allocates the overhead charges and steam and power 
consumption to each department, has been introduced 
and to check the steam flow for this purpose nine Kent 
tlow-meters of the recording type have been installed in 
the various departments. The efficiency of the boiler 
plant is also kept constantly under observation by 
Electroflo recording instruments, which measure and 
record the main steam flow, the feed-water flow and 
the pass-out and make-up steam flows. Other quan. 
tities measured are the steam pressure, the carbon 
dioxide and gas temperature at the chimney base and 
the temperatures of the main flue gases, the tempera- 
tures of the water at the economiser inlet and outlet, of 
the boiler room and of the superheated steam. The 


instruments for these purposes are mounted on a panel 
in the power house and a similar set of indicating instru- 
ments is fixed in the boiler house for the guidance of the 
attendant. 

The electrical energy generated is controlled by a 
remotely-operated switchboard, 
constructed 


This board, which was 


by Messrs. A. Reyrolle and Company, 
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Limited, two 3.000 


Hebburn-on-Tyne, comprises 
ampere triple-pole switches for the generators, a 
‘bus bar coupler and eight feeder switches. The 
feeders are connected to distribution boards in various 
parts of the mill, from which the various motors 
are supplied, In the spinning rooms, group driving 
has been adopted, new shafting, pulleys and Vee-rope 
drives constructed by Messrs. Crofts Engineering Com- 
pany, Limited, Bradford, with ball bearings by Hoff- 
mann’s, Limited, having been installed for this purpose. 
The motors range in output from 70 h.p. to 200 h.p., 
and are slung on brackets from the roof as shown in 
Fig. 8, on Plate XVIII. The plant in the weaving sheds 
is driven by General Electric motors with outputs 
ranging from 1} h.p. to 20 h.p. through worm gearing of 
the “ Radicon”’ type. A view of some of the motors 
is given in Fig. 9, Plate XVIII. 

The total quantity of steam generated in each half- 
year is about 159,297,000 Ib., at a cost of 17-7d. per 
1,000 Ib, This enables 2,932,179 kWh of electrical 
energy to be generated at a cost of 2,806l., and, in 
addition, 20,769 kWh were purchased from the Corpora- 
tion. Allowing for a credit of 1211. received from the 
bao house, the total cost of electricity is 2,7571., or 
22d. per kilowatt-hour. 
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and installed by Messrs. Birmingham Electric Furnaces, 
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TRANSFORMERS IN FURNACE SUBSTATION. 


ELECTRIC-ARC FURNACE FOR 
MELTING STEEL SCRAP. 


Ir has always been the practice of engineering and 
industrial firms to collect scrap metals, resulting from 
operations in the factory, with a view to their utilisa- 
tion, and since the outbreak of war, particular attention 
has been given to this practice. Generally speaking, 
the scrap metals are sorted into a number of storage 
bins and are eventually disposed of to the metal- 


| founding industries, but in some cases, and especially 


where high-grade scrap is concerned, the materials are 
remelted and cast into ingots in the producing firm’s 
own foundry. This is the policy which has been 
adopted by Messrs. Chamber of Mines Steel Products, 
Limited, Johannesburg, South Africa, who have rece ently 
installed a large are furnace for melting the steel scrap 
collected from their various mines. The scrap consists 
of shoes, dies, balls, wheels, worn-out rock drills, 
discarded steel cable and other similar products, and 
the metal, when melted, has a carbon content ranging 
from 0-7 per cent. to 1-0 per cent. It is used princi- 
pally for the production of billets for making further 
balls, shoes and dies. The furnace has been supplied 
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Fic. 3. Furnace Roor Swuna ASIDE FOR CHARGING. Fie. 4. 


Limited, Birlee Works, Tyburn-road, Erdington, Bir- 
mingham, 24, and is one of this firm’s standard range | working position, it is securely attached to the furnace 
of Birlec-Lectromelt furnaces. It is operated at a/| casing by quick-acting adjustable clamps and the ram 
rating of 3,600 kVA on a 2,000-volt three-phase 50-cycle | is disengaged, permitting the furnace to be tilted. 
supply, the furnace auxiliaries being supplied with |The furnace-tilting and the roof-raising mechanisms 
500-volt three-phase 50-cycle current. The furnace has | are interlocked to prevent the furnace from being 
a capacity of 190 cub. ft., and this provides for a charge | tilted when the roof is raised. The tilting gear, which 
of from 7} tons to 8 tons. It is stated that the time | may be seen in Figs. 3 and 4, consists of a pair of 
required to obtain a clear melted bath from a full cold | cast-steel rocker trunnions mounted on each side of the 
charge, assuming that the furnace is already hot, is| furnace casing. The trunnions are provided with 
approximately 1} hours. | double-flanged treads running on track frames incor- 
The furnace, views of which are shown in Figs. 1 to 4, | porating teeth which engage with corresponding teeth 
on this and the opposite pages, is cylindrical in form and | on the rockers. The trunnions provide a wide ratige of 
is provided with a dished bottom. It is constructed of | tilt, namely, 45 deg. forward for pouring and 35 deg. 
heavy-gauge steel plates, welded and riveted, the rivet | backward for fettling and slagging. The equipment 
heads being ground flat to give a clean external appear- | has been designed to maintain the stream of molten 
ance. The casing is heavily reinforced with cast and | metal from the pouring spout in approximately the 
structural steel members, including a cast-steel upper | same vertical line throughout the pouring operation, 
stiffening ring which is continuous across the door | thus eliminating the need for moving the ladle. The 
openings and prevents distortion of the shell. The | furnace is tilted by a steel screw engaging with a long 
stiffening ring may be seen in Fig. 3. The furnace roof | nut, attached to the furnace casing in swivelling 
is of arched construction, the refractories being seated | trunnions. The screw thread is suitably lubricated and 
in a channel-section steel roof ring, which is water-/| is encased in a telescopic dust guard. It is arranged 
ooled on its outer circumference. The pouring spout | for operation by electric motor or by handwheel, the 
is of heavy cast-steel construction, and, as seen in| motor being controlled by a tramway-pattern drum- 
Fig. 4, is attached to the furnace casing by wedges, | type reversing manual controller seen in the foreground 
which enable it to be easily removed for relining. A door | in Figs. 3 and 4. As will be obvious from the illus- 
is fitted diametrically opposite the pouring spout | trations, the whole of the tilting mechanism is above 
for slagging and for making additions to the charge. | ground level, and, therefore, well away from possible 
The door, which is shown in Fig. 1, is provided with | contamination by slag or dirt. , 
cast-steel water-cooled cheeks working in machined| The three graphite electrodes, each 10 in. in diameter, 
water-cooled guides. It is pneumatically-operated and | project through the roof of the furnace in triangular 
is self-clamping in the closed position. This special | formation and are automatically moved towards, or 
design of door ensures that heat leakage is at a mini-| away from, the metal bath to maintain the required 
mum, and reduces electrode consumption. |input. They are supported by means of clamps 
_ The main feature of the furnace is that it is arranged | mounted at the extremities of horizontal arms, which 
for top charging, a drop-bottom bucket being used for| are also the means of bringing the current to the 
the purpose. This implies that the scrap need not be | electrode and of supplying cooling water. The elec- 
broken up into small pieces to pass through the door. | trode clamps are of cast high-conductivity copper and 
The roof is raised and swung aside, as shown in Fig. 3, | are of wedge type to accommodate over-size or irregular 
by means of a hydraulic ram situated immediately electrodes. The electrode glands are water-cooled and 
below the electrode masts and mounted in the furnace | are provided with expansion slots to prevent cracking 
foundations. The head of the ram is arranged to/| in the event of failure of the water supply; they are 
engage an eye casting integral with the furnace roof | also fitted with luting rims to facilitate the sealing of 
and carrying the tubular electrode masts. Separate | the furnace when it is closed down. The electrode glands 
rams control the lateral movement of the roof. | are supported by a special insulated clamping device, 
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FurRNACE IN PouRING POosITION. 


When, after charging, the roof is lowered into the | arranged to permit adjustment in three directions and 


mounted to compensate for the expansion of the roof 
refractories. The horizontal electrode arms are attached 
to crossheads capable of sliding vertically on the 
tubular electrode masts, which, as already mentioned. 
are mounted on a casting integral with the furnace 
roof. The crosshead carriages are fitted with buffer 
springs and with hardened-steel rollers running in 
anti-friction bearings. The rollers engage with feather 
keys provided in the masts, thus ensuring smooth 
vertical movement and absence of side-sway. 

The electrode carriages are suspended on flexible 
steel cables passing over ball-bearing sheaves, down 
through the tubular masts, and, by way of under- 
ground ducts, to electric winches. Beyond the winches 
the cables are carried to three counterweights, situated, 
like the winches, in the adjoining furnace-room sub- 
station. The system incorporates compensating sheaves 
arranged to prevent movement of the electrodes when 
the furnace is tilted. Furthermore, in order to avoid 
damage to the electrodes, a special friction drive permits 
the cable to slip on the drums of the winches if the 
electrodes are obstructed in their movement, either by 
coming into contact with the charge or when the 
crosshead carrier reaches the top of the mast. Westing- 
house automatic electrode-control equipment is pro- 
vided for regulating separately each of the electrodes 
by means of starting and reversing contactors, through 
which the winch motors are energised. By a special 
system, the effect of both current and voltage coils on 
the balanced armature is automatically reduced when 
the electrode has been brought close to the desired 
position by the winch motor. Final adjustment is 
obtained rapidly and accurately by an automatic 
inching system of the winch motors. 

The electrical equipment is installed in the adjoining 
substation, a general view of which is shown in Fig. 2, 
opposite. A main high-tension truck-type circuit- 
breaker, made by Messrs. The English Electric Com- 
pany, Limited, is provided. The circuit breaker is 
of 150,000-kVA rupturing capacity, is fully protected 
and is furnished with a no-volt release coil which is 
interlocked with the tap-changing switch on the furnace 
transformer. Four single-phase step-down transformers, 
of the oil-immersed indoor-type, specially designed for 
urnace work, were supplied by Messrs. The British 
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Electric Transformer Company, Limited. These work 
as a three-phase bank with one spare unit, for operation 
on the 2,000-volt three-phase supply. By means of 
tappings on the high-voltage winding, a considerable 
range of voltages on the low-tension side can be obtained. 
Kach transformer built-in variable reactor and 
the cooling equipment consists of a Serck cooler, a 


has a 


motor-driven pump being provided for circulating the | 


oil. The main high-tension switch cubicle is fitted 
with the usual instruments and protective devices, and, 
in addition, with a three-phase unbalanced-load inte- 
grating kilowatt-hour meter. 








ANNUALS AND REFERENCE BOOKS. 


Mining Year Book, 1940.—The fifty-fourth annual 
edition, that for 1940, of the Mining Year Book, has 
recently been published. The volume constitutes a 
record of 1,140 mining companies operating in all 
parts of the world and concerned with the extraction 
of gold, silver, copper, tin, lead, zinc and other metals, 
diamonds and coal, Exploration and mining-finance 
companies are also dealt with and the particulars 
given of each company, which are arranged in alpha- 
hetical order according to name, include the names of 
the directors and officials, the date of establishment, the 
seat of operations, a brief description of the property 
and plant, the present working results, ore resources 
and financial data. Other sections contained in the 
volume comprise a useful dictionary of mining terms 
ind lists of the names and addresses of directors and 
mining engineers and managers, with the names of the 
companies with which they are connected. At the 
commencement of the volume appear statistical tables 
showing the monthly and annual outputs of the world’s 
principal goldtields and the highest and lowest prices 
of copper, tin, lead, zine and silver for the past eight 
vears, Sketch maps of the properties of a number of 
important companies are included in the body of the 


work. The volume is compiled by Mr. Walter E. 
Skinner and may be obtained from his office, 15, 
Dowgate-hill, London, E.C.4, or from the Financial 


Times, 72, Coleman-street, London, E.C.2. 
is 208, net, or post paid (inland) 20s. 6d., and (abroad) 
2le. 6d. 

The Directory of Shipowners, Shipbuilders and Marine 
Kngineers.—-The 1940 edition of this well-known 
work of reference has-been compiled under conditions 
of difficulty, but the Editor of Shipbuilding and Shipping 
Record 
volume 


who is responsible for the preparation of the 
informs us that all the problems which pre- 


sented themselves as a result of the war have been 
overcome and that the information given has been 
thoroughly revised with a few obvious exceptions. 


As has been the case in previous years, the shipping 
section of the directory contains information regarding 
the ownership of fleets of merchant vessels, the builders 
of each specific ship and of her engines, and the year in 
which the vessel entered into commission. In addition, 
the gross, net and deadweight tonnages of each ship, 
the cubic capacity of the holds in the case of a 
large number of cargo ships, and of accommodation in 
that of passenger ships, are furnished, together with 
the vessel's draught, speed, and other data. In the 
shipbuilding section are set out details of shipyards 
and marine-engineering establishments and the infor- 
mation comprises output capacity and ship-repairing 
facilities. Included in each entry are the names of the 
directors or partners, and of managers, marine superin 
tendents, superintending engineers, naval architects, 
chief draughtsmen and other officials. At the end of the 
volume are to found lists of consulting marine 
engineers and naval architects and of societies, associa- 
tions and federations connected with shipping and 
shipbuilding. Government departments concerned 
with marine work and the classification societies of 
the world constitute separate sections. Late shipping 
losses, up to about the middle of January, are indicated 
in an addendum, while earlier war losses have bee 

deleted from the shipping section. The volume, which 
contains 850 pages, closes with exhaustive indexes 
covering some 25,000 entries. The book is published 
by Messrs. The Directory Publishing Company, Limited, 


and 


be 





43, Tothill-street, London, 8.W.1, and the price is 
Oe, net, 

WIKRELEss OPERATORS AND WATCHES ON MERCHANT 
SHIPS In pursuance of Regulation 45 of the Defence 


Regulations, 1939, the Lords Commissioners of the 
\dmiralty made Order relative to wireless 
operators anil watches on merchant ships. The Order 
states that British ship to which the Merchant 
Shipping (Wireless Telegraphy) Rules, 1938, apply, of 
which the hours at sea exceed eight, not being a ship of 
war or a Dominion ship, shall be provided with not less 
than two operators if so required by the Admiralty or 
#” person authorised by the Admiralty 
are to be kept according to a detailed 
panying the Order, 


have an 


every 


schedule accom 


} traction, 


The price | 








ENGINEERING. 


TENDERS. 


We have received from the Department of Overseas | 


Trade, Great George-street, London, 8.W.1, particulars 
of the undermentioned tenders, the closing dates of 
which are as stated. Details may be obtained on applica- 
tion to the Department at the above address, quoting 
the reference numbers given. 

Distribution Transformers, three-phase pole mounting, 
outdoor-type, oil-immersed, naturally -cooled, nine 10-kKVA 
and six 25-kVA. Electricity Department, Cape Town, 
South Africa; May 15. (T. 17,372/40.) 

Structural Steelwork for the extension of “ K ” shed, 
Turning Basin, Buffalo Harbour. South African Rail- 
ways and Harbours, Johannesburg; May 6. (T. 
17,388 /40.) 

Overhead-Line Material and Steel Stay Wire, comprising 
trolley “bus overhead frogs and insulated 
galvanised-steel stay wire, No. 7-12 8.W.G.; and over- 
head-line material, including strain ears, eye bolts, section 


and shackle insulators, and bow-string and suspension | 


fittings. General-Stores Department, City of Durban, 
Natal, South Africa; May 3. (T. 17,338/40.) 
Electric Lamps, general service, carbon-filament 


tubular candelabra and 
Commission of Victoria, 
(T. 17,344/40.) 


floodlight, flashlight, 
State Electricity 
April 16. 
Water Meters and Filters, comprising 5 
water meters, to be installed at Salta, La Rioja, Parana 
and Bariloche ; and 4 sets of filter regulating apparatus, 
to be installed at La Cumbre and Cruz Chica, Cordoba 


other types. 
Melbourne, Australia ; 


Province. 
April 8. (T. 17,341 
Portal Travelling Wharf Cranes; level-lufting. electric, 
two 15-tow with 4-ton auxiliary hoists, for Durban 
Harbour. South African Railways atid Harbours, 
Johannesburg; May 6. (T. 17,439/40.) 
Machinery, comprising two , double-drum 
hoists each. fitted with 15-h.p. squifrel-cage 
a hoe-type scraper and a box-type scraper for 
15-h.p. hoist: and four roller-bearing sheayes. Union 
Tender and Supplies Board, Pretoria; April 11. (T. 
17,442/40.) 

Machine Toola, comprising an _ electrically-driven 
locomotive-wheel lathe for wheels up to 6 ft. 6 in. in 
diameter, and a plain milling machine for boring axle 
brasses having a capacity of 25 in., by 8} ine, by 17 in. 
Indian Stores Department ; April 11. (T. Y. 17,370/40.) 
400, low-tension, suitable for 380- 

four-wire, overhead 


ment ; 40.) 


Mining 
scraper 
motor ; 


Lightning <Arresters, 


220-volt, three-phase, 50-cycle 


distribution, with the neutral earthed at the transformer. | 


April (T. 17,390 

Parachute W ater Tank, mild-stecl, 4,000-gallons capacity. 
South African Railways and Harbours, Johannesburg ; 
April 25. (T. 17,391/40.) 


City Council, Johannesburg ; 10. $0.) 








BOOKS RECEIVED. 


Annual Report of the Governor of the Panama Canal for 
the Fiscal Year Ended June 30, 1939. Washington : 
Superintendent of Documents. [Price 20 cents.) 

Bulletin of the University of Minnesota. 
Experiment Station. Bulletin No. 16. Factors Affecting 
the Performance and Rating of Air Filters. By Pro- 
ressor F. B. Row.Ley and R.C. JonpDAN. Minneapolis, 
Minnesota, U.S.A.: The Director, Engineering Experi- 
ment Station, University of Minnesota. 

By J. E. TAYLOR and J. 8S. WRIGLEY. 

and Sons, Ltd. [Price 


Engineering Design. 
London: Sir 
L0s. 6d. net.) 

State of Tennessee. 


Isaac Pitman 


Division of Geology. Bulletin No. 47. 


(feology and Petroleum Resources of Clay County, 
Tennessee. By K. E. Born and H. B. BURWELL. 
Nashville, Tennessee, U.S.A.: State Geologist, Divi- 
sion of Geology. 

Soldering, Brazing and the Jointing of Metals. By 
THOMAS BoLas. Revised and enlarged edition. By 
GrorRGE GENTRY. London: Percival Marshall and 
Co., Ltd. Price ls. 6d. net.] 

Engineering Physical Metallurgy. By R. H. HEYER. 


London : Chapman and Hall, Ltd. [Price 25s. net.]} 

The Blue Book. The Electrical Trades Directory and 
Handbook. 1940. London: Benn Brothers. Ltd. 
[Price 258. net. 

The British Corporation Register of Shipping and Aircraft. 
Register of Ships, 1940. Glasgow: Offices of the 
Corporation. Price 638. net. 

The Incorporated Swansea Exchange. Fifty-First Annual 
Report, for the Year 1937-38. Royal Yetal Exchange, 
Swansea : The Incorporated Swansea Exchange. [Price 
3s. 6d 

for Studenta. 

Fourth edition. 

[Price 6d.)} 


Heat Engines. 
London : 


Definitions and Formule 
By ARNOLD RIMMER. 
Isaac Pitman and Sons, Ltd. 


Strict watches , The Journal of the Iron and Steel Institute. Volume CXL. 
HEADLAM-MORLEY, | 
| members of the Group. 


1939. No. 


Secretary 


II. Edited by K. 
London : Office of the Institute. 





crossings ; | 


Venturi-type | 


Argentine National Sanitation Works Depart- | 
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PERSONAL. 


MESSRS Tu! BrusH ELEcTRICAI ENGINEERIN( 
COMPANY, Limirep, Loughborough. inform us that 
owing to the expansion of their sales organisation in 


Scotland and to provide better service to their clients 
| they have opened new offices at 97, Waterloo-street 


Glasgow, C.2. Mr. G. B. C. HENDERSON has been 
appointed the firm’s Scottish representative. 
Messrs. BaTWIN ELectrric Morors, LIMITED, 138 


official répairers to the Lauson Company, of the United 
States, who manufacture a wide range of four-stroke 
engines operating pumps, compressors, mowers and other 


| 

| Southwark-street, London, S8.E.1, have been appointed 
| 

} 

| 

| 

| machines. 





| NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday 





| General Situation.—Conditions in the iron and allied 
| trades are little changed. A substantial tonnage 
| needed for industrial purposes, but general commercial 
business is confined to narrow limits by the absorption 
of material for war-time requirements. Outputs are 
maintained at nearly record levels, but every effort 
is being made to increase production. Careful supet 
vision of the distribution of tonnage necessary to 
ensure adequate supplies for essential purposes, and thx 
forthcoming rationing of steel is not unwelcome. 


ix 


is 


Cleveland Tron Trade. 
of the regular production of Cleveland pig is not 
noticeable. Makers have practically no iron stored, 
but ample supplies of Midland pig meet the situation 
Merchants are handling only very moderate parcels of 
local products and much of the iron arriving from else 
where purchased by consumers directly from th« 
makers. Occasional parcels of Continental iron ar 
offered here but at prices which.are too high to attract 
attention... The recognised market values of Cleveland 
pig remain at the level of No. 3 descriptions at 111s., deli- 
vered within the Tees-side zone. 


Preparation for the resumption 
vet 


is 


calling for full contract deliveries, while the heavy and 
expanding needs of producers’ conswmiting plants have 
to be considered. Second hands have control of 
only small lots. The position likely to neeessitat« 
an early increase in production and as raw 
are in ample supply, producing plant that has been out 
Stabilised quotations ar 


Hematite.—East-Coast hematite makers have littk 
iron on hand and their output is readily taken up. 
Buyers are extensively covered:and are persistently 


is 


materials 


|} of action may be re-started. 
at the equivalent of No. 1 grade of hematite at 127s. 6d 
| delivered to North of England areas. 


Basic Tron.—The price of basic iron is put at 104s. 6d., 
but is nominal, the whole of the large make still passing 
promptly into use at producers’ own steelworks. 

Foreign Ore.—Consumers of foreign 
working stocks and imports continue on a satisfactory 


ore have good 


| seale. 
Blast-Furnace Coke.—Business in Durham blast- 
furnace coke matures slowly. Sellers have made sub- 


stantial contracts and are disinclined to enter into further 
extensive delivery obligations, while local users have 
| covered their needs well ahead. The fixed price of good 
|} medium qualities is 31s. 8d. at the ovens. 

Manufactured Iron and Steel.—The steady make 
|} semi-finished iron and steel and the maintenance 
| imports of Continental semies enable re-rollers to turn 
out a tonnage. In the finished industries firms 
have execute that will keep them actively 
employed for many months. Sheet makers have a good 
deal of ordinary commercial work hand. Plant 
engaged in the production of shipbuilding requisites 
is operating at high capacity and manufacturers of stcel 
for all purposes are fully sold. 


of 
of 


heavy 


orders to 


on 


Scrap.—There is still pressure for the delivery of iron 
and steel scrap, which, however, is in better supply than 
formerly. 








BRITISH COMPRESSED-AIR SOCIETY. At the instance 
of the Export Council, the British Compressed-Air 
Society has formed an Export Group. It has been 


decided to operate the Group in conjunction with, but 
as a separate organisation of, the Society. Membership 
will, therefore, be open to all air-compressor and pneu- 
matic equipment manufacturers in the United Kingdom, 
whether members of the Society or not. The purpose 
of the Group is to foster and maintain export trade and 
to ensure supplies of raw materials for export orders, 
as far as is possible under war conditions. The formation 
| of the Group is for the duration of the war, and those who 
wish to take advantage of this development should 
apply in writing to the honorary secretary, Mr. E. Lacy- 
Hulbert, Boreas Works, Beddington, Croydon, stating 
the nature of their manufactures. Members of the 


Society should not apply. as they are automatically 
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NOTES FROM THE SOUTH-WEST. | 


CARDIFF, Wednesday. 


The Welsh Coal Trade.—In spite of the holiday inter- | 
ruption, the past week has been a very busy one on the | 


Welsh steam-coal market. The demand on both home 
and overseas account has been maintained at an active 
level, but shippers have encountered difficulties in 
securing supplies for prompt shipment. The present 
production of collieries continues to be accounted for 
mainly by existing contract commitments, and most 
producers hold well-filled order books. The market, 
as a whole, continues to present a very firm tone. The 
need for increasing the production of coal to satisfy 
the additional demand, expected to arise following the 
suspension of German and‘ Polish supplies, was referred 
to during the past week by Mr. D. J. Price, the new 
chairman of the South Wales and Monmouthshire branch 
of the National Association of Colliery Managers, who 
said that the country was about to experience the greatest 
drive for coal production since the last war. Increased 
demands from the Italian, Spanish and Norwegian markets 
would call for a greatly increased production. 
coals remained in active request, but the productions of 
these popular grades were almost entirely sold over 
several months ahead and the occasional odd parcels 
that became available were quickly disposed of at high 
figures. Sized and large sorts were scarce, while smalls 
were only very sparingly offered. Cokes were in demand 
but were scarce and firm, while patent fuel was active. 

The Iron and Steel Trades.—Active conditions ruled 
in the iron and steel and allied trades of South Wales 
and Monmouthshire last week. Production was main- 
tained and the demand was good. Most works hold well- 
filled order books over some time to come. 








NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 
Iron and Steel.—All the large works resumed operations 
to-day, after a three days’ shut-down. The Easter 
holidays came at an opportune time. Since the beginning 
of the year the output has been of record dimensions, 
and has put a strain on the plant, but during the past 


three days maintenance engineers have worked without | 


Duft | 


NOTES FROM THE NORTH. 
GLasGow, Wednesday. 

Scottish Steel Trade.—The output from the various 
Scottish steel works is being well maintained, the Easter 
break having been limited to one day in most establish- 
;}ments. Deliveries to clients did not suffer much as 
practically all works in the consuming areas had a 
brief holiday at Easter. While the current requirements 
of the home trade are so heavy there is little steel avail- 
able for export, despite the fact that the business on 
offer from overseas amounts to a very considerable 
tonnage. Prices are without change and are as follows :— 
Boiler plates, 131. 8s. per ton; ship plates, 127. 10s. 6d. 
per ton; sections, 121. 8s. per ton; medium plates, 
under , in. thick, weighing 6 Ib. or more per square 
foot, 141. per ton, and weighing under 6 Ib. but not less 
than 4-81 lb. per square foot, 141. 10s. per ton; black- 
steel sheets, No. 24 gauge, in 4-ton lots, 171. 10s. per ton ; 
and galvanised corrugated sheets, No. 24 gauge, in 4-ton 
lots, 201. per ton, all delivered at Glasgow stations. 

Malleable-Iron Trade.—Conditions in the West of 
Scotland malleable-iron trade have varied but little 
since the last report, except that the supply of malleable 
scrap has improved and the outlook is more encouraging. 
The re-rollers of steel bars are also better off for raw 
material, and, in addition to the home supply, some 
consignments have recently been received from overseas. 
Orders on hand represent a considerable tonnage and 
plant is being kept fully employed. The following 
are the current quotations :—Crown bars, 121. 17s. 6d. 
per ton ; No. 3 bars, 12/7. 10s. per ton ; No. 4 bars, 121. 15s. 
per ton; and re-rolled steel bars (tested), in 4-ton lots, 
141. 3s. per ton, all for home delivery. 

Scottish Pig-Iron Trade.—The very heavy demand for 
Scottish pig-iron continues and the production is being 
rapidly taken up. There are fifteen furnaces now in 
blast and the stocks of raw materials are ample for 
present requirements. Foundry iron is somewhat 
slow in movement but both hematite and basic iron are 
in steady demand. The following are to-day’s market 
quotations :—Hematite, 61. 7s. 6d. per ton, and basic 





iron, 51. 4s. 6d. per ton, both delivered at the steel] works ; 


foundry iron, No. 1, 51. 15s. per ton, and No. 3, 51. 12s. 6d. 


break inspecting machines, replacing parts, and tuning | 


up generally, so that all is now ready for another record- 
breaking run. Orders continue to pour into steel- 
producing works, the demand for raw and semi-finished 
materials being exceptionally strong. Sheffield’s pur- 
chases of pig iron, hematites, and scrap are on a high 
level. Intense activity prevails in the heavy machinery 
and engineering branches, and the demand for railway 
rolling stock shows improvement. A brisk trade is 
being done in mining machinery and implements. British 
collieries are good buyers of coal-cutting machines, 
pneumatic picks and drills, steel tubs, and haulage and 
winding gear. Overseas needs also show a tendency to 
increase. Furnace-builders are busy ; orders for electric 
furnaces are numerous, and gas-fired furnaces are finding 
increased favour, especially for annealing processes. 
The market in springs of all types is active. Makers of 
agricultural machinery and parts and implements are 
enjoying a good season; overtime working is essential 
in order to keep pace with the demand. A similar state 
of affairs exists in the tool-making branches. Sheffield 
Chamber of Commerce reports the receipt of following 
inquiries: from Hull for 3} tons of mild-steel strip ; 
from Palestine for stainless steel; from Melbourne for 
iron planes, squares, bevels, wrenches, and auger bits ; 
from Bradford for tools ; from Madras for stainless-steel 
sheets : 

South 
coal has increased considerably during the past few weeks. 
Industrial concerns are taking in heavy supplies, and 
railway companies are also good customers, so that the 
outputs at many collieries show a substantial increase. 
The export market shows some improvement. 








DISCOVERY OF MOUNTAIN PEAK IN PAciIFiIc.—A “ sub- 
marine mountain,” rising 9,500 ft. from the floor of the 
Pacific Ocean and reaching to within 4,700 ft. of the 
surface of the water, has been discovered in the Gulf of 
Alaska, 200 miles south of Kodiak Island, by the U.S. 
Coast and Geodetic Survey. 





MEMORIAL TO PROFESSOR ELIHU THOMSON.—It is 
stated in a recent issue of the Journal of the Franklin 
Institute that a tablet in memory of the late Professor 
Elihu Thomson (1853-1937) has been placed on a building 
in Ludlow-stréet, Philadelphia. The tablet carries 4 
portrait bust, in bas-relief, of Prof Th and is 
headed ‘* Birthplace of alternating current distribution 
in America.”” The tablet further states that “‘ In 1878 
and 1879, in the Harrison Machine Works which occupied 
this site, he built with his own hands and tested a bi-phase 
dynamo, the first one for generating alternating current 
with all the essentials of the modern generators.” 





and from South Africa for agricultural machinery. | 


Yorkshire Coal Trade.—The inland demand for | 
|—The annual dinner of the City and Guilds College 


per ton, both on trucks at makers’ yards. 








INCREASED APPLICATIONS FOR Cast Iron.—The 
Director of the Ironfounders’ National Committee, 
Orchard House, Orchard-street, London, W.1, informs 
us that the Committee is anxious to help users and 
designers of industrial and domestic plant and equipment. 
It is pointed out that, as a result of research, a wide 
variety of metallurgical structures and of strengths 
can be obtained for cast irons, while great strides have 
also been made in continuous-production methods and 


product. Manufacturers should address their inquiries 
to the Director of the Committee, at the address given 
above, or to the Chairman of the technical committee, 
Mr. J. G. Pearce, The British Cast-Iron Research Associa- 
tion, 21, St. Paul’s-square, Birmingham, 3, who will 
recommend specific materials for the particular appli- 
cations involved. We understand that no charge or 
obligation will be incurred. Inquirers are asked to send 
a print of the part in question and to state whether it 
is intended to operate under unusual service conditions 
of stress, temperature, wear or corrosion. An account 


was given on page 447 of our last volume (October 20, 
1939). 


THE CITY AND GUILDS COLLEGE ENGINEERING SOCIETY. 


Engineering Society was held at the Imperial College 
Union, Prince Consort-road, London, 8.W.7, on Thurs- 
day, March 14. 
Mr. G. Ellison, M.Inst.C:E., Chief Engineer of the Southern 
Railway. Responding to the toast of ‘‘ The Engineering 
Society,’’ proposed by Mr. A. B. Bourne, the President 


entering the engineering profession at the present time 
were as good as, or better than, they had ever been. 
The problems of corrosion alone offered great scope for 
future achievement. Mr. J. C. King, honorary secretary 
of the Society, who also responded, reported that more 


for several years. Two Student’s Prizes had been 
awarded: to Mr. W. H. Ward, for a paper on “ Steel 
Piling,” and to Mr. K. J. Somerville, for a paper on 
“ Structural A.R.P.’”” The vacation apprenticeship 
scheme had provided practical experience, during 1939, 
for 228 students—approximately 50 per cent. of those 
in the College. Mr. Asa Binns and Mr. Johnstone 
Wright, Presidents of the Institution of Mechanical 


respectively, replied to the toast of “‘ The Guests,” 
proposed by Mr. L. Lea-Page, chairman of the Engin- 








eering Society. 


in the precision of form, uniformity and soundness of the | 


of the formation of the Ironfounders’ National Committee | 


The chair was takén by the President, | 


eypressed the opinion that the prospects for those | 


papers had been submitted in the current session than | 


Engineers and the Institution of Electrical Engineers, | 
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NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 


NortTH-East Coast INSTITUTION OF ENGINEERS AND 
SHIPBUILDERS.—To-night, 6 p.m., The Mining Institute, 
Newcastle-upon-Tyne. ‘“‘ Air Conditioning in Ships’ 
Passenger and Cargo Spaces,”’ by Mr. W. H. Glass. 

JUNIOR INSTITUTION OF ENGINEERS.—-To-night, 6.30 
p.m., 39, Victoria-street, Westminster, S.W.1. Ordinary 
Meeting. ‘‘Gas Producers as Applied to Transport 
Purposes,’”’ by Mr. Robert Lowe. 

INSTITUTE OF BRITISH FOUNDRYMEN.—-Scottish Branch, 
Falkirk Section: To-night, 7 p.m., Temperance Café, 
Lint Riggs, Falkirk. Annual General Meeting. Lancashire 
Branch: Saturday, April 6, 3 p.m., The Engineers’ 


Club, Manchester. “ Pattern Making and Foundry 
Production,”” by Mr. C. Joynes. 
INSTITUTION OF ELECTRICAL ENGINEERS.~- North 


Midland Centre: Saturday, March 30, 2 p.m., The Hotel 
Metropole, King-street, Leeds. ‘‘ A Critical Survey of 


American Metcring Practice.’ by Mr. G. F. Shotter. 
Institution: Monday, April 1, 6 p.m., Savoy-place, 
Victoria-embankment, W.C.2. Informal Meeting. 


Discussion on “ Electro-Acoustics in Practice,’ to be 
opened by Mr. P. G. A. H. Voigt. South Midland Centre : 
Monday, April 1, 6 p.m., The James Watt Memorial 
Institute, Birmingham. ‘“* Fire-Fighting Equipment for 
Electrical Installations,’’ introduced by Messrs. J. 
Hacking and R. A. McMahon. Mersey and North Wales 
(Liverpool) Centre ; Monday, April 1, 6.15 p.m., Liverpool 
Royal Institution, Colquitt-street, Liverpool. Annual 
General Meeting. North-Western Centre: Tuesday, 
April 2, 6.45 p.m., The Engineers’ Club, Manchester. 
“ Fire-Fighting Equipment for Electrical Installations,” 
introduced by Messrs. J. Hacking and R. A. McMahon. 
Wireless Section: Wednesday, April 3, 6 p.m., Savoy- 
place, Victoria-embankment, W.C.2. Three short papers. 
West Wales (Swansea) Sub-Centre: Thursday, April 4, 
6.30 p.m., Technical College, Mount Pleasant, Swansea. 
** Electrically-Manufactured Steels," by Mr. H. A. 
Sieveking. Meter and Instrument Section: Friday, 
| April 5, 6 p.m., Savoy-place, Victoria-embankment, 
| W.C.2. ‘* Developments in Surge Recording by Means 
| of the Klydonograph,” by Mr. J. L. Candler. 
INSTITUTION OF CIVIL ENGINEERS.— Yorkshire Associa- 
tion: Saturday, March 30, 2.30 p.m., The Grand Hotel, 
Sheffield. ‘“‘ The Dewatering of Excavations by the Well 
| Point System ” (with film), by Major R. G. Attwood. 
Road Engineering Section: Tuesday, April 2, 5.30 p.m., 
Great George-street, 8.W.1. ‘* The Engineer’s Part in 
| the Promotion of Road Safety,’’ by Mr. F. A. Rayfield. 











INSTITUTION OF THE RUBBER INDUSTRY.—JLondon 
|and District Section: Monday, April 1, 7.15 p.m., The 
| Northumberland Rooms, Northumberland-avenue, W.C.2. 
| ** Costing in Relation of Factory Control and Adminis- 
| tration,”’ by Mr. F. C. Lawrence. 

ILLUMINATING ENGINEERING Society.—Tuesday, 
April 2, 5.30 p.m., Chemical Society’s Rooms, Burlington 
| House, Piccadilly, W.1. Joint meeting with the Road 
| and Building Materials Group of Tue Society or CHEMI- 
| caAL INpUsTRY. Discussion: ‘‘ Road Surfaces and Their 
| Influence on Street Lighting,’’ to be opened by Mr. J. M. 
| Waldron. 

| INSTITUTION OF AUTOMOBILE ENGINEERS.—Tuesday, 
| April 2, 6.15 p.m., Royal Society of Arts, John Adam- 
| street, Adelphi, W.C.2. General Meeting. ‘‘ Modern Ap- 
| plications of Cast Iron in Automobile Construction,” by 


| Messrs. EK. C. Toghill and R. V. Dowle. Coventry 
| Graduates’ Branch; Tuesday, April 2, 7.15 p.m., The 
| Broadgate Café, Coventry. ‘‘ Hydraulic Remote Con- 


trols,”’ by Mr. Q. H. Carlton. 


INSTITUTION OF ELECTRONICS.—Thursday, April 4, 
|6 p.m., The Royal Society of Arts, John Adam-street, 
Adelphi, W.C.2. ** Wave Mechanics,”’ by Professor D. R. 
| Hartree. 

IRON AND STEEL InstiruTeE.—Thursday, April 4, 
|6 p.m., Swansea Technical College, Swansea. (i) “‘ In- 
| fluence of the Steel-Base Composition on the Rate of 
| Formation of Hydrogen-Swells in Canned-Fruit Tin-Plate 
| Containers—Part I,”’ by Dr. T. P. Hoar, Mr. T. N. Morris 
and Mr. W. B. Adam. (ii) Section IV of the Ninth Report 
|} on the Heterogeneity of Steel Ingots. 

| INSTITUTION OF CHEMICAL ENGINEERS.—Friday, 
| April 5, Hotel Victoria, Northumberland-avenue, W.C.?2., 
|11 am. Eighteenth Annual Corporate Mecting. 11.45 
| a.m., Presidential Address: ‘‘ Oil,”” by Mr. F. H. Rogers. 
| 1 p.m., Luncheon. 








THe Street INpDusTRY IN BELGIuM.—The production 
of steel in Belgium totalled 318,000 tons in December, 
1939, compared with 281,000 tons in November, 255,000 
tons in October, and 206,000 tons in September. 
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THE HARD-SURFACING OF STEEL 
BY ARC WELDING. 

\n electrode capable of depositing very hard metal 
on the worn edges of such tools and implements as 
rock drills, excavating buckets, dredger cutters, digger 
points, and ploughshares, has been placed on the market 
by Messrs. Murex Welding Processes. Limited, Hertford- 
road, Waltham Cross, Herts. The Hard Surfacing ” 
electrode, as it is termed, is employed in the normal 
manner as for mild-steel electrodes, and it is emphasised 
that, during the deposition, the are length should be 
no longer, and the welding current no higher, than is 
necessary for easy operation. Alternating or direct 
current may be emploved, but if the latter is used, the 
electrode should be connected to the positive pole of 
the wenerator The deposited surface is stated to be 
extremely resistant to abrasion and to possess a degree 
of toughness which enables it to withstand considerable 
shock or impact No details regarding the composition 
of the electrode are available for publication, but it is 
claimed that Brinell tests, carried out on single runs 
made on mild-steel plate, give hardness numbers 
ranging from 550 to 600, according to the gauge of the | 
electrode employed. The deposit may be increased in | 
depth, by superimposing layers of weld metal, to any 
required thickness, but suceessive runs should pre- 
ferably be made when the work retains some heat 
from the previous layer 


Another electrode, called the Hardex ” electrode, 
has been developed for the deposition of weld metal 
having & maximum hardness in the as-welded state 
snd suitable for such purposes as the building up of 
lathe tools, cutters, scrolls, shear blades for hot shearing, 


pulverising hammers and screw and spiral conveyors. 
lhe Brinell hardness of the deposited metal is greater 
than that from the “ Hard Surfading ” electrode and, 
it is claimed, ranges from 630 to 660. The decision 
on which of the two types of electrode should be used 
for a particular purpose is governed by the nature of the 
work. Should a single laver of weld metal suffice, the 
Hardex deposit will vield a greater hardness and resist- 
mee to wear, but should a heavier deposit be required, 
the Hard Surfacing electrode is the more suitable. 
While superimposed lavers of Hardex weld metal are 
not recommended, as unsoundness may occur, heavier 
deposits may be obtained by employing carbon or 
refractory-material block moulds around the area to 
be reinforced. In order to obtain maximum hardness, 
it is recommended that the mould be removed imme- 
diately the deposited metal solidifies, and the part 
allowed to cool freely in cold air. 
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NON-UNIFORM YIELDING OF METALS IN TENSILE TESTS. 


(For Description, see Page 325.) 





Fia. 4. 0-08 Per Cent. CARBON STEEL. Fic. 5. Armco Iron. 


Rate or Loapvina, 0-072 Cm. Per Sec. Time Scare, 1 CM. 1 SECOND. Rate or Loapine, 1-02 Cm. Per Sec. Time Scare, 1 Cm. 1 SECOND. 


Fig.7. ; 





Fig.G. Steel. 0-08 per Cent. Carbon 20 
: Rate of Extension 0-072 cm.Sec 
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35 & 36, Bedford Street, Strand, London, W.C.2. | 


We desire to call the attention of our readers to 


the fact that the above is the address of our Regis- | 
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this Journal and other publications bearing some- 
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of this year, gives special point to a study which 
has recently been made at the Research Station of 
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surfaces. Briefly, the conclusions reached are that 
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ROAD RESEARCH. 


THE article which appeared on page 693 of our 
148th volume (1939), commenting on the full-scale 


road experiments supervised by the Highways | 


(Technical) Committee of the Ministry of Transport, 
illustrated in a number of directions the value of 
the complementary work conducted upon a labora- 
tory scale under the direction of the Road Research 
Board. It is not too much to say that the Research 
Station at Harmondsworth, by its fundamental 
studies of new methods and materials for road- 
making, performs the more essential service of the 
two; and that, by disclosing the most promising 
lines of progress through accelerated and closely 
controlled forms of testing, it contributes substan- 
tially to the speed and economy of development 
work in road construction. In fulfilling these 
functions, the Road Research Board’s programme is 
necessarily well in advance of the Ministry’s trials 
so far as technical novelties are concerned ; and 
on this account, as well as for its descriptions of 
scientific investigation, the latest Annual Report 
of the Road Research Board* is instructive over a 
wide range of engineering activity. The report is 
of special interest to those more specifically con- 
cerned with highway construction and maintenance 
as an indication of the probable future programme 
of the Ministry of Transport’s trials, and the diree- 
tions along which the experiments of enterprising 
highway engineers may be most profitably pursued. 

This last consideration, in conjunction with the 
exceptionally cold weather during the early part 


} 


|of hand-finished work, 





* Report of the Road Research Board for the Year ended 
March 31, 1939. London: H.M. Stationery Office. 
[Price 38. 6d. net.) | 





| concrete roads may be damaged by salt, but 
|also how the salt and sand treatment compares 
| with the other methods of snow removal. Un- 
| doubtedly, some pronouncement upon these matters 
would be widely appreciated. 

As bearing generally upon problems of road- 
| surface wear, the results of the Station’s statistical 
observations of the transverse distribution of traffic 
| on the Colnbrook By-pass are particularly interesting. 
|They reveal that the strips of the carriageway 
| carrying the most heavy traffic, during daylight, 
‘both for private and commercial vehicles, are 
| between 9 ft. and 10 ft. from each kerb. In these 
| lanes the intensity of traffic approaches two and a 
| half times the average intensity across the whole 
| road, and it seems reasonable to suppose that the rate 
of wear along them is correspondingly excessive. 
Whether any definitive relationship holds between 
traffic intensity and wear does not appear from the 
| Station’s present studies of surface irregularity ; 
which, in fact, have been mainly concerned with 
means of recording and integrating the amplitudes 
of irregularities on experimental lengths of the 
Mickleham By-pass. This was the first trunk road 
in which use was made of machines in concrete 
construction, and it is noteworthy that three sections 
which were included for 
comparison, showed less irregularity than the 
machine-finished surfaces. With other than concrete 
road surfaces, variable transverse distribution of 
irregularity raises the question how far it may be 
possible to develop successful methods of re-carpet- 
ing the worn lanes, or to counteract selective wear 
by initial differences in construction. Regarding 
the effect on road roughness on the vehicle, two 
experimental results of importance are that both 
normal pressures and shear stresses between track 
and tyre are increased by projections on the road 
surface, but that the magnitude and distribution 
of normal pressure under the tyre are independent 
of speed up to 40 m.p.h. The apparatus recently 
developed for measuring shear stresses under tyres 
is of a distant-recording electrical type, embodying 
carbon pressure-sensitive resistor elements. Its 
mechanical details present numerous points of 


|interest, while the results obtained, though preli- 


minary so far, have shown important characteristic 
differences between wet and dry roads, and between 
solid and pneumatic tyres. 

Future investigations upon the durability and 
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preservation of good top surfaces of main roads 
should give valuable information about alternative 
compositions of bituminous mixtures. For some 
time the Station has been attempting to formulate 
the principles that should govern the rational 
design of such mixtures for road carpets, attention 
being given to anti-skid properties as well as to all 
aspects of wear resistance. Much of the work 
has been carried out with the co-operation of the 
British Road Tar Association, a noteworthy feature 
of this contact between science and industry being a 
systematic examination of tars manufactured by 
different processes, and by works in various parts 
of the country, whereby the effects of variations in 
composition arising from local conditions have 
been taken into account. The influence of additions 
of bitumen, in various proportions, 18 among the 
factors that have been subject to laboratory tests, 
and a stage has been reached where development 
from controlled experiment to practical application 
can usefully proceed. For this purpose an extensive 
series of trials on the Colnbrook By-pass has been 
planned, the results of which will prove important 
not only in demonstrating how far theories of 
tar-bitumen proportioning, based on the physical 
properties of these materials, can be relied upon for 
practical service, but also in revealing the extent 
to which laboratory tests for endurance can indicate 
behaviour under actual road conditions. It is 
evident from certain abnormal bitumens that have 
heen studied in collaboration with the Asphalt 
Roads Association that the interpretation of labora- 
tory tests is no simple matter, although the Station’s 
work suggests that the essential properties defining 
the behaviour of a mixture are the rate of deforma- 
tion under unit stress, the plastic-flow index which 
relates the rate of flow and the applied stress, the 
temperature coefficient of deformation, and the 
extensibility. 

Much the same considerations have been found 
to affect the admixture of chlorinated rubber in 
bituminous binders. The British Rubber Producers’ 
Research Association is interested in this material 
ind some full-scale tests, in addition to laboratory 
investigations, have been carried out recently in 
co-operation with the Ministry of Transport. The 
laboratory results appear to be most promising. 
They show that all chlorinated rubber dissolves 
in both high- and low-aromatic coal tars and 
pitches, to form stable products. It improves the 
viscous and elastic properties of the binder, and 
gives better adhesion in the presence of water. 
These obvious advantages are somewhat offset, 
however, by practical difficulties in mixing chlori- 
nated rubber and tar, the method of preparation 
being found to exert a great influence on the pro 
perties of the resultant product. If, for example, 
the chlorinated rubber is first added to the tar 
and the mixture is then fluxed back to the required 
consistency, the product is markedly less elastic 
than that obtained if the chlorinated rubber is first 
incorporated in the flux and then mixed with the 
tar Although, all the varieties of 
chlorinated rubber so far examined have produced 
the same qualitative effects when mixed with tar 
binders, differences in the desirable physical pro 
perties of the mixture have been found to occur 
with different brands of material ; 
and it seems conclusive that, the less the rubber is 
broken down by mastication before chlorination, 
the higher is its viscosity and the more coherent 
is the structure built up after solution in the tar. 
In short, it seems clear that a special technique 
will be necessary for binders incorporating either 
chlorinated or latex rubber. Experience of the 
practical difficulties involvec. is being gained from 
road trials in the neighbouchood of Barnet and 
Potter’s Bar, and it is to be hoped that, so far as 
war conditions permit, the development of a com- 
pletely successful rubber-bituminous binder will be 
actively pursued. 

One other aspect of road research which can be 
whole-heartedly encouraged is the study of subsoil 
The general subject of soil mechanics, 


moreover, 


commercial 


conditions. 


within the last two or three years, has begun to 
receive well-merited attention, the work of the Build- 
ing Research Station being specially noteworthy 
in this direction since its investigations of the 
stability of embankments and cuttings have imme- 
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diate applications in road construction. Equally, all 
improvements in the durability of road surfaces 
demand increasing attention to subsoil preparation 
if they are to be fully realised. The Road Research 
Board, accordingly, has studied several cases of 
failure due to foundation weakness, and is investi- 
gating the behaviour of soil under concrete 
road slabs, as well as the seasonal variations 
in the level of subsoil with special reference to the 
shrinkage changes associated with moisture content. 
Of great importance, also, are some soil surveys 
undertaken in co-operation with the Ministry of 
Transport prior to the construction of certain 
experimental roads, which have demonstrated the 
value of such examinations to the degree that the 
Ministry are making increasing use of soil surveys 
in new trunk-road construction. 

Closely associated with this full-scale work is the 
study of the effects of compacting soil by mechani- 
cal means. So far this is mainly a laboratory 
investigation, but it has served to show that 
mechanical compaction of soils merely causes a 
reduction of air voids and does not expel moisture ; 
in this it is in contrast with consolidation by pro- 
longed pressure, whereby a proportion of the water 
content is also expelled, resulting in an increase in 
the bulk density of the soil aggregate. It follows 
that the amount of mechanical work required to 
achieve a given degree of compaction increases 
progressively with decreasing moisture content, 
and that the extent of practically attainable 
compaction is limited. These important conclusions 
obviously bear directly upon the merits of the 
mechanical methods available for compacting earth- 
works. At the same time, they exemplify the 
difficulty, encountered in almost every road research 
problem, of simulating in accelerated laboratory 
tests, the slow chemical and physical processes by 
which the deterioration of an actual road takes place. 





THE IMPORT TRADE OF INDIA. 


Tuere has never been any suggestion, in the 
Government campaign to increase British exports 
and so to strengthen the purchasing power of 
Great Britain in foreign countries, that trade 
within the Empire could safely be left to look after 
itself, but there is reason to suppose not only that 
its possibilities are failing to receive the attention 
that they deserve, but that the necessity of special 
efforts to maintain existing Empire trade connec- 
tions under the disruptive conditions of a major 
war are only imperfectly appreciated. The import- 
ance of keeping a watchful eye upon the incidence 
of such abnormalities is greatly enhanced in the 
case of a vast and only partially articulate country 
like India, where there are so many other influences 
at work, the relative significance of which is suffi- 
ciently difficult for even an informed judgment 
to appraise. There is no reason to doubt that the 
most enlightened native opinion is fully aware of 
the advantages of close co-operation with Great 
Britain, and realises that its continuance is not 
incompatible with an increasing measure of self- 
government ; but economic pressure is by no means 
exclusively an Occidental experience, and India, 
like any other country, may be forced to buy 
elsewhere if Britain cannot supply her needs on 
competitive terms. 

At such a time as the present, therefore, the half 
yearly summary of Indian import trade,* recently 
issued by the Department of Overseas Trade and 
covering the period from April 1 to September 30, 
1939, invites a somewhat closer scrutiny than 
usual, in view of the fact that it includes the first 
month of the war. In that month alone, Great 
Britain lost 577,500/. worth of Indian trade, out 
of the 675,000/. by which exports to India fell 
short of those during the corresponding six months 
in the previous year. During the period of the 
present report, however, the total value of Indian 
imports increased by 16 per cent. over the 1938 
figure, so that the position of British traders, by 


* Surrey of the Import Trade of India. Prepared by 
His Majesty’s Senior Trade Commissioner in India, 
Burma and Ceylon. London: Department of Overseas 
Trade. 
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comparison with what it might have been, is even 
less satisfactory than is indicated by the relative 
fall in value between 1939 and 1938. There is 
small compensation in the fact that German trade 
with India during last September slumped to a 
mere 15 per cent. of the normal level for that month 
and, presumably, has since ceased to exist; and 
the British exporter may well be perturbed at the 
fillip given, by the closing of the Mediterranean 
route, to the commercial relations with India of 
exporting countries which are not dependent upon 
that route for the transport of their goods. That 
the trade of Burma with India was doubled during 
September cannot be regarded as detrimental to 
the ultimate interests of the British Commonwealth, 
but the great inroads into Indian trade made by 
Japan in recent years have been sufficiently serious 
an economic problem without the increase of 44 per 
cent. recorded in the same month. 

Apart from the expansion of Japanese com- 
petition in nearly all Indian markets, and in addi 
tion to the complications consequent upon the war, 
British engineering interests are faced with special 
problems arising from the increased manufacture 
of engineering products in India itself. Great Britain 
has been accustomed to supply about 60 per cent. 
of the machinery required in India. Unless definite 
arrangements are made to preserve this connection 
during the present emergency, the progressive 
conversion of industrial plants to war production 
must reduce the ability of British manufacturers 
tov maintain supplies of engineering commodities of 
particular types. Even before the war, this market 
was shrinking, India’s purchases of machinery 
and millwork, as given in the present report, 
being some 10 per cent. below the previous year’s 
comparable figure. Possibly the hurried call 
for steel shelters at home explains something of 
the reduction in our exports of iron and steel, but 
it is not more than a contributory cause of the 
shrinkage of British sales to India of galvanised 


| sheets and plates from 23,370 tons, in the first half 


of 1937, to 2,468 tons in 1939. 

While machinery imports from Germany, Belgium 
and Japan, as well as those from Great Britain, 
were affected by a reduction in demand, those 
from the United States rose appreciably, especially 
in the classes of mining and metal-working plant, 
and machine Textile-machinery imports 
from the United Kingdom, Germany and Japan 
showed a reduction, while those of the United States 
remained steady; but the small supplies usually 
taken from Italy were increased by half. British 
sales of sugar machinery and electrical machinery 
fell heavily, but the United Kingdom continued to 
meet about two-thirds of the usual demand for 
pumping plant. Reduced imports were made of 
machinery for oil crushing, paper making, and rice 
and flour milling. ‘lhe previous importation of 
paper-mill machinery had reached too high a level 
for a repetition to be expected, but it is rather 
unexpected to find that the value of the jute 
machinery imported is only half that in the corres- 
ponding periods of the previous two years. Imports 
of steel ingots recovered strongly—another indica- 
tion of the trend to manufacture rather than to 
import finished goods; but the quantity of non- 
ferrous metals imported also showed a decline, 
except in the case of wrought copper, supplied by 
Great Britain and the United States. Bridgework 
materials were less in demand, but railway-track 
materials, pipes and fittings, and sundry other 
finished metal imports improved to some extent. 
The Indian market for motor vehicles has practi- 
cally recovered from the setback recorded in 1938, 
but the imports from the United Kingdom of the 
heavier types still fall behind those from the United 
States and Canada, which appear to supply designs 
better suited to Indian requirements. These 
general tendencies are certainly due in part to 
causes other than the war, but, whatever the 
reason for a transfer of business to other suppliers, 
the British manufacturer will find increasing 
difficulty in re-establishing lost connections, and 
care should be taken that the goodwill of the 
Indian buyer is not allowed to lapse as an indirect 
result of the efforts now being made to cultivate 
markets in countries where monetary credits are 
| more immediately required. 
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NOTES. for all home requirements of a civil character, | as great as it was just before the war. The Ministry 
7 , except those already covered by other departments, | expected to produce 100,000 vehicles this year, 
THe Scapa anp Sytt Arr Rarps. will be distributed by the Board of Trade, which will| compared with 40,000 during the whole of the last 


Tue German air raid on Scapa Flow, on the | Iso be responsible for exports of steel and of steel | war. Actually, since the beginning of the war, 


evening of March 16, and our retaliatory raid on | goods. _The arrangements for direct exports of | orders amounting to 166,000,000/. had been placed 
the seaplane base in the island of Sylt, during the | Stee! will be in the hands of the Iron and Steel | for materials, to 21,000,000/. for machine tools and 
night of March 19, have done nothing to contradict Control. Supplies of finished steel, intended for heavy engineering stores, and to  17,000,000/. 
the ideas expressed in our leader of last week. | the manufacture of goods for export, will be distri- | for optical and scientific instruments. The building 
Once again the German machines showed no desire | buted by the Board of Trade, the necessary arrange-| and equipment of Government and other factories 
to engage in combat, and once again a bomber! ments being carried out, in consultation with the | had cost 34,000,000/., while armoured and other 
was brought down without loss on our side. The | Board, by the Iron and Steel Control, except in| vehicles accounted for $4,000,000/., and guns, small- 
Scapa raid assumed an exaggerated importance | ©@S€8 in which arrangements are made with indus-| arms ammunition and explosives for 100,000,000/. 
solely owing to the fact that the greater part of the | trial organisations. Thus, the Society of Motor| In all, 508,000,000/. had been spent in the six 
load carried by the German machines was dropped | Manufacturers and Traders will be responsible for| months. These colossal sums, though an indication 
on land instead of, as has been usual, in the sea, | @llotting steel to individual firms in the motor-car| of our war effort, give no ground for complacency. 
The figures have been given by Mr. Chamberlain, | industry for the manufacture of vehicles for export. | Rather do they indicate the need for the closest 
who stated that not more than 20 bombs were | Incidentally, the allocation of steel to manufac- | supervision and for the maintenance of every possible 
dropped in the Flow, but that 121 high-explosive | turers of civil motor vehicles for the home market | check against waste and illicit profits of all kinds. 
bombs and about 500 incendiary bombs were | Will also be in the hands of this Society. We are glad to learn, therefore, that rigorous 
; inspection is ensuring that the quality is being 


dropped on the mainland. There is no reason to| H p . 
suppose that this raid indicates any change in| Hom8-Propucep —— TES FOR IMPORTED | maintained. 
UELS. 


German policy. Attack is being directed on our} 
shipping and on that of the smaller neutrals. The} In reply to a question asking what steps he was 
purpose of this latter activity is fairly clear. These | taking to secure the most effective use of home-| In connection with the recently-issued Contro} 
countries are engaged in shipping trade with Great | produced substitutes for imported fuel, the Secretary | of Iron and Steel (No. 7) Scrap Order, 1940, the 
Britain and the smaller their mercantile fleets | for Mines stated, in the House of Commons last week, | Minister of Supply has drawn up a new Direction 
the less tonnage will be available which might be | that he had appointed Sir Harold Hartley as an | (No. 2) to take effect as from April 1, and to super- 
employed in our service, even if, at the time of | honorary adviser and had asked a number of leading | sede Direction (No. 1), which was issued with Order 
sinking, any specific vessel is engaged in inter-| representatives of industry, finance and science, | (No. 7). The issue of the new Direction marks an 
neutral trade with which we have no concern.| under the chairmanship of Sir William Bragg,| important change in the method of operation of 
The dropping of more than 600 bombs on land during | to make a rapid survey of the subject in the light | the control of scrap. As stated on page 288, ante, 
the Scapa raid, does not suggest that concentration | of war conditions. This body had completed its| it has hitherto not been necessary for purchasers 
on shipping is being abandoned, but that the Ger-| survey within a month and on its recommendations | to obtain licences to acquire iron and steel scrap, 
man machines, in their desire to avoid fighting, | six specific problems were being investigated| save for four special grades, namely, low-sulphur 
unloaded their bombs indiscriminately during} simultaneously. These were: the production of| and phosphorus-steel scrap; tungsten high-speed 
flight. The Sylt raid, on the contrary, was a land | oil from coal by synthetic processes, under the chair-| steel scrap; nickel steel scrap; and shipbreaking 
raid and was intended so to be. It is reported that | manship of Sir W. Jowitt ; the products of low-| scrap iron and steel. As from April 1, however, 
although some fighters took part in the defence | temperature carbonisation, under Lord Henley ;/ any person desiring to acquire scrap iron or steel 
they made little serious attempt to attack our| the liquid products of high-temperature carbonisa-| must be authorised by licence to do so, except in 





ContTROL oF [RON AND STEEL Scrap. 


bombers and were easily driven off, again illustrating | tion, under Mr. Davidson Pratt ; alternative fuels| the case of a person—other than one operating an 
the policy of conserving the German air fleet. Sir for internal-combustion engines, under Viscount | iron or steel works, foundry or forge—who confines 
Kingsley Wood has stated that our attack on Sylt| Ridley; the development of the use of colloidal | his acquisitions to quantities not exceeding, in the 
was carried out “in answer to the raid by German | fuel, under Mr. I. Geddes ; and the more efficient | aggregate, one ton from any one person in any one 
aircraft on land bases in the Orkney Islands.” Why | use of fuel generally, under Sir Clement Hindley. week. This exception has the effect of leaving local! 
our war measures should be dictated by the mis- A report on the recovery of benzole, it was stated, | authorities and voluntary organisations free to 
carrying of a German attack is a matter of general| had already been received. This indicates that | continue house-to-house and other collections of 
policy which events of the future may raise an} crude benzole is being recovered at the estimated | scrap as hitherto. Application forms for licences 


opportunity to discuss. rate of 15,000,000 gallons a year and that an|can be obtained from the offices of the Iron and 
| extension of voluntary effort should secure a further | Steel Control, Steel House, Tothill-street, West- 
THE STEEL Rationing ScHEME. | 12,000,000 gallons. Mr. Lloyd appealed to those | minster, London, 8.W.1. For the time being, it is 


The present system of issuing licences to con- | who were not already doing so to recover as much | intended to issue general licences to merchants 
sumers of steel products is to be superseded by a| benzole as possible in the national interest. Aj} and restricted licences to consumers according to 
new rationing scheme, which is to be brought into | Survey showing how our production of tar, creosote 'the quality they require. Copies of the Direct ion 
operation on April 1. Although the licensing | and pitch can take the place of imported fuel oil| may be obtained on application to H.M. Stationery 
system has generally worked well, it is felt that | and bitumen to the extent of some 300,000 tons} Office, York House, Kingsway, London, W.C.2. 
it has not provided adequate safeguards against the | in the current year, has also been completed and | 
tendency, on the part of Government Departments | arrangements have been made for using these na : : 
and other consumers, to over-estimate their future | products. In all, it is hoped that some 32,000,000 SuprLy INDUSTRIES. 
needs. Another difficulty is that, under the present | gallons of substitutes for imported oil will be! An interesting account of the way in which the 
system, it has not always been possible to distinguish | Obtained during the current year. Fuel and Lighting Order, 1939, which was issued 
with sufficient accuracy the relative urgency of the | during the first week in the war, has brought about 
requirements of the several classes of users. The | closer co-operation between the gas and electricity 
new scheme, it is considered, will provide for stricter! For reasons which need not be elaborated, the | supply industries is contained in a report of the 
estimating and allocation of supplies and, under it, | Ministry of Supply has recently been much in the | Joint Gas and Electricity Committee. This report, 
each steelmaker will be directed not to accept | public eye, one result being the issue of a new/| of which we have rather belatedly received a copy, 
orders, in any quarterly period, for a greater quan- | regulation making it an offence for anybody, with | is dated January, 1940, and states that the action 
tity than he has the capacity to deliver in that | intent to obtain commission, to make any repre-| of the Mines Department in convening a meeting 
period. Hence, consumers will be in a position to| sentation calculated to lead to the belief that he | of duly appointed gas and electricity representatives 
base their manufacturing programmes on known| can influence the placing of Government contracts. | on October 10, 1939, gave an opportunity for both 
quantities of materials to be delivered over fixed | Another result has been a further statement to the | industries to consider their respective positions. 
periods. In the light of the experience gained in| Press by the Minister on the work of his Department. | The gas industry took up the attitude that rationing 
the last six months, and bearing in mind probable | From this we gather that while at the beginning | was entirely inimical to the policy of coal conser- 
future needs, an assessment has been made of the! of the war, nine Government ordnance factories| vation and so far carried their point that prepay- 
proportionate requirements of each class of con-| were in operation, to-day they number sixteen.| ment consumers of gas were excluded from the 
sumers, all of whom have been grouped under | Thirty-seven more are being planned and to man | scope of the Order. For their part, the electricity 
appropriate Government Departments. These, in | them a labour force of 250,000 will be required,| supply industry pointed out that the black-out 
conjunction with the Iron and Steel Control, will| half of whom will be women. To equip these fac-| had already brought about an appreciable reduction 
be responsible for the allocation of supplies of steel | tories, the biggest individual demand to be met will) in consumption and that further rationing was 
to the services under their jurisdiction. Thus, the | be that for machine tools. It was not surprising | unnecessary. They also made representations that 
\dmiralty will be responsible for the requirements | therefore, to learn that there has been much increase | certain provisions of the Order were calculated to 
of the Navy and for merchant shipbuilding; the|of activity in the appropriate industry. Many) react unfairly upon them vis-a-vis the gas industry. 
War Office for the needs of the British Expeditionary | more factories are working a night shift and matters | As a result, it was decided to make a joint protest 
Force, and for Army buildings, medical stores, etc. ; | have also been so organised that the output of these | against rationing, and to suggest that the repre- 
the Ministry of Supply for other requirements of the | shifts is becoming comparable to that of the day- sentatives of the two industries should consult with 
Army and for machine tools; the Air Ministry for| time workers. Shortage of skilled labour is still| a view to producing agreed amendments to the 
the needs of the Royal Air Force ; the Ministry of|a problem, however, and constant endeavours are| Order. The Mines Department having accepted 
Transport for the requirements of railway, road,| being made to secure the release of tool makers | this proposal, the Joint Committee then found that 
canal and port undertakings and the Mines Depart-| from the forces. Turning to Army service vehicles, a necessary preliminary to agreement was that an 
ment for the needs of mines and quarries. Supplies! Mr. Burgin said that the production was 15 times understanding should be reached about the activities 
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of the two industries. A memorandum was there- 
fore prepared which not only set out recommenda- 
tions for amending the Order, but stated a case for 
the total exclusion of both electricity and gas from 
rationing. It was laid down as a basic principle 
that gas and electricity representatives in each 
district should act as assessors to the Fuel Overseer 
on all questions relating to the rationing of the 
commodities. It was also recommended that all 
consumers of electricity by prepayment meter 
should be excluded from the operation of the Order, 
as were prepayment gas consumers, and that where 
electricity was used for cooking or water-heating 
the minimum ration should be increased. Finally, 
it was proposed that the Orders should be limited 
to domestic premises, all industrial premises being 
excluded. In the upshot, the original rationing 
Order was repealed, in so far as it related to gas and 
electricity, and a new Order embodying substan- 
tially all the recommendations of the Joint Com- 
mittee substituted. The operation of this 
Order is suspended, of course, until it becomes 
necessary to reintroduce rationing. In the mean 
time, the suggestion of the Secretary for Mines that 
the two industries should reach agreement in regard 
to their activities has been implemented by the 
recommendation of the Joint Committee that all 
statements of a damaging or disparaging nature 
should be eliminated from the propaganda of the two 
industries, and there should be closer co operation 
between the staffs engaged in sales and publicity 
work It is also suggested that a National Joint 
Committee should be set up to consider all matters 


was 


of importance arising between the two industries, 
Fuel 


some 


especially those in connection with the new 
Lighting Order. Verily, makes 


' 


and war 


strange allies 


SIR BENJAMIN BAKER (1840-1907). 


THe present month marks the jubilee of the 
opening of the great Forth Bridge and the centenary 
of the birth of its designer, Sir Benjamin Baker. 
Born at Keyford, Frome, Somerset, on March 31, 
1840, and educated at Cheltenham Grammar 
School, Baker was apprenticed at the age of sixteen 
at the Neath Abbey Lronworks, South Wales, and 
four years later entered the service of William Wilson 
(1822-1898), the civil engineer responsible for the 
erection of Victoria Station and the Grosvenor- 
road railway bridge. In 1862, he joined the staff 
of Sir John Fowler (1817-98) and remained associated 
with him as his assistant and partner for about 
36 years. 

In the ‘sixties, Fowler was constructing the first 
sections of London's underground railways, and it 
was while in his office that Baker contributed to 
the columns of ENGINEERING his series of articles 
on “ Long-Span Railway Bridges,”’* which, for the 
first time, dealt adequately with the design of the 
cantilever bridge, with a central suspended span, 
adopted fourteen years later for the Forth Bridge. 
This first series of articles was followed by others on 
‘The Strength of Beams,’+ “ Strength of Brick- 
work,” and “ Urban While these 
articles brought Baker’s name before the profession, 
he achieved a wider reputation by his association 
with the difficult task of bringing Cleopatra’s Needle 
from Egypt to London and erecting it on the 
Victoria Embankment. With the ‘eighties came 
the revival of the scheme for bridging the Firth of 
Forth. 

In 1881, the railway companies concerned 
requested their consulting engineers, T. E. Harrison, 
W. H. Barlow and Fowler (all past-presidents of the 
Institution of Civil Engineers) to report on the 
feasibility of the scheme and the type of bridge to 
be adopted Fowler and Baker were entrusted 
with the work, which was begun in 1883. The 
bridge was opened on March 4, 1890, when Baker 
received the honour of knighthood. Of the many 
other notable undertakings for which Baker was 
responsible, the greatest was the Aswan Dam on 


Railways.’’§ 


* ENGINEERING, vol. 3, 
t Ibid., vol. 5, page 103, et seg. (1868). 
t Ibid., vol. 14, page 1, et seg. (1872) 
§ Ibdid., vol. 17, page 1, et seq. (1874) 


page 250, ef seq. (1867). 
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the River Nile, a work which has proved of immense 
value to the development of Egypt. Recognised 
at home and abroad as one of the leading engineers 
of his day, Baker was elected an honorary member 
of the Canadian and American Societies of Civil 
Engineers and the American Society of Mechanical 
Engineers, received the Poncelet Prize from the 
Institut de France, and honorary degrees from the 
universities of Cambridge and Edinburgh. He was 
elected a Fellow of the Royal Society in 1890, and 
in 1895 became president of the Institution of Civil 
Engineers. He was also an original member of the 
Engineering Standards Committee, now the British 
Standards Institution. 

His death occurred at Pangbourne on May 19, 
1907, at the age of sixty-seven, and he was buried 
at the village of Idbury, in the Cotswolds. Two 
years later, a memorial window to him was placed 
in the north aisle of Westminster Abbey, beside 








those to Trevithick, Brunel, Stephenson and 
Kelvin. 
RECENT COURT CASES.—IV. 
By W. SumMeRFIELD, M.A., B.C.L., LL.B. 
Buildings over Water Mains.—In Abingdon 


Borough Council v. James and Abingdon Borough 
Council v. Thane (the two actions being consoli- 
dated) Mr. Justice Simonds, sitting in the Chancery 
Division, has granted, with costs, an injunction to 
restrain the defendants from permitting their 
buildings to remain on certain land so as to prevent 
the free access by the plaintiff Council to water 
mains laid under that land. The mandatory order 
directing the demolition of the buildings, however, 
was suspended for one year. 

During 1933 and 1934, the plaintiff Council, 
acting in exercise of their powers under the Public 
Health Act, 1875, and the Abingdon Water Order, 
1931, constructed and laid a 9-in. water main 
extending from land owned by them to their existing 
waterworks within the district of the Abingdon 
Rural District Council. Part of the course of the 
main was under land owned by a Mr. Amey, who 
accepted the sum of 36/. 5s. Od. as compensation 
“for any past, present or future damage” in 
connection with the laying and maintenance of a 
water main and “ any other works ”’ by the Borough 
Council between specified points. Soon afterwards 
a Mr. Lister bought the land from Mr. Amey, with 
full knowledge of the existence and line of the 
water main, and built on the land two houses, one 
of which he sold to James and the other to Thane, 
Neither James nor Thane knew about the water 
main. 

Section 119 of the Public Health Act, 1936 
(replacing Section 54 of the Public Health Act, 
1875) vests in a local authority supplying water 
the same powers as they have in respect of the con- 
struction and maintenance of public sewers; that 
is to say, so far as the laying and maintenance of 
water mains is concerned. Those powers are 
available whether the mains are within or outside 
their district. Similarly, the authority is subject 
to duties and restrictions analogous to those appli- 
cable in respect of sewers, which are specified, in 


Section 23 of the 1936 Act, to include their main- | 


tenance, cleansing and emptying. In order to 
inspect their water main with a view to executing 
any necessary works of maintenance or repair, the 
Abingdon Borough Council regarded it as vitally 
important that they should have speedy access 
available because the pipe, which was of cast iron 
with lead-packed sockets, worked as a syphon, so 
that a crack, admitting air, might have more serious 
consequences than a leakage. 

The plaintiffs supported their claim by reference 
both to their powers and their duties. As to the 
former, they contended, they were in as strong a 
position as any “ dominant ” owner exercising his 
right to enter upon land subject to an easement, 
and the “ servient ’’ owner was not entitled to do 


anything which would render the exercise of such 
a right impossible or extremely difficult. Regarding 
the latter, they urged, buildings such as those of 
the defendants, if allowed to remain, would render 
it impossible or extremely difficult for them to 
discharge their statutory duties. 


The learned Judge referred to a number of leading 
cases where the rights of the “ dominant” owner 
were discussed in relation to the amount of inter- 
ference which might be tolerated, including Birken- 
head Corporation v. London and North Western 
Railway Company (1885), Metropolitan Water Board 
v. London and North Eastern Railway Company 
(1924), and Thurrock Grays and Tilbury Joint 
Sewerage Board v. E. J. and W. Goldsmith, Limited 
(1914). He concluded that there had been in this 
case infringement of the plaintiffs’ right of access, 
without feeling himself under the necessity of 
adhering to or defining very closely the measures 
or degrees of infringement which the Courts in 
earlier cases had adopted as the test for distin- 
guishing between what could be tolerated and what 
could not, viz., “ *‘ material interference,” “ sub- 
stantially greater difficulty,” and “ practical im- 
possibility.” He regarded as a theoretical rather 
than a practical possibility the suggestion that the 
plaintiffs could effect their purpose by less drasti: 
means than having the houses demolished, namely, 
by tunnelling from outside their walls or breaking 
through their floors and foundations. 

For the defendants it was contended that the 
plaintiffs ought not to be granted a mandatory 
injunction for demolition of houses which they had 
allowed to be built without protesting that they were 
along the line of the main ; but, upon the evidence 
before him, the Judge concluded that no responsible 
officer of the Borough Council had knowledge of the 
building until after it had been constructed, whereas 
Lister, the predecessor in title of the defendants, 
did know of the existence of the main. Admittedly, 
the consent of the Abingdon Rural District Council 
to the erection of the houses had been obtained, but 
not that of the Abingdon Borough Council. It 
would seem that there is no statutory provision 
requiring a local authority, in whose district a 
building is proposed to be constructed, to communi- 
cate with any other local authority over whose 
mains or sewers the building may stand—a gap 
liable to create unfortunate consequences. 

There was no practicable alternative to the 
admittedly hard remedy sought by the plaintiffs, 
for, if they did not discharge their statutory duties 
strictly, a great number of persons might be seriously 
inconvenienced. The statutory provisions in which 
such a gap appears, and which merit study in the 
light of the decision in this case, include the Water- 
works Clauses Act, 1847, Sections 18 to 27; the 
Public Health Act, 1875 (Support of Sewers) Amend- 
ment Act, 1883, Section 3; the Public Health Act, 
1875, Section 26; the Public Health Act, 1936, 
Section 25; and the Local Government Act, 1894, 
Section 25, with the Rural District Councils (Urban 
Powers) Order, 1931, made thereunder. 

Head Contractors and Sub-Contractors.—A case ot 
great importance to all contractors and sub- 
contractors, with regard to their responsibilities for 
the safety of persons working on an unfinished 
building, has recently been heard by Mr. Justice 
Tucker, in the King’s Bench Division, viz., Canter v. 
J. Gardner and Company, Limited, and the Demolition 
and Construction Company, Limited. The plaintifi. 
a workman, sustained personal injuries while working 
on a block of flats in course of construction, in 
respect of which he claimed damages from the 
defendants or one or other of them. He was 
employed by Marryat and Scott, Limited, who were 
engaged as sub-contractors on the installation of 
lifts. The Demolition and Construction Company 
were the main contractors for the construction of 
the block, and they had sub-contracted the ventila- 
tion work to Scull and Company, which firm had, 
in turn, sub-contracted to J. Gardner and Company, 


| Limited. 


On the day of the accident, Canter, who had not 
previously been on the site of the works, attended 
there upon the instructions of his employers. He 
had occasion to go into the basement to obtain a 
split pin, and on his way back he stepped into a 
hole, 2 ft. 6 in. square and 2 ft. deep, sustaining 
the injury to his foot of which he complained in 
this action. The Judge found upon the evidence 
that the basement was sufficiently well lighted to 
enable the various sub-contractors to carry on thei! 
work there, although not so well lighted as to 
obviate all difficulty for a person unfamiliar with it 
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to pick his way through the various piles of material | LETTERS TO THE EDITOR.| THE LATE PROFESSOR E. BRANLY. 


lying about, having regard to the presence of an | THe death of Professor Edouard Branly, which 
unguarded hole. That hole had been made by the | occurred on March 24, removes from scientific circles a 
main contractors and left in the floor to be used | SIR HIRAM S. MAXIM (1840-1916). | notable pioneer of wireless telegraphy. Professor 
later by the first-named defendants (Gardner and | T E Ex i Branly, who was in his 96th year, having been born 
Company), in connection with their ventilation | 0 THE EDITOR aah eae ecipagmmaast _ | at Amiens, France, on October 23, 1844, was known 
sub-contracting work, for inserting trunking to be | Srr,—In your account of Sir Hiram Maxim, in | in his native country as “ Pire de la Télégraphie sans 
used as shafts. When the first-named defendants | YOU" issue of February 23, you state that he was/ Fil.” His invention of the coherer may be said to 
had inserted the trunking they found omesiinnn to first to combine nitro-glycerine and gun-cotton. | have made wireless telegraphy possible and full use 
unable to complete the operation immediately | Does this invention not pertain to Hudson Maxim ?| of its principle was made in the early transmitting 

. pero | n immediately, |] have séen it stated that Hudson Maxim was one of | apparatus of Marconi, who, in recognition, addressed to 
that is to connect it with trunking which was/|the first to make smokeless powder in the United | Dr. Branly the first wireless telegram sent from England 
designed to run horizontally along the ceiling | States. I remember seeing an article by him, many/|to France, in 1899. Branly received his education 
because the electricians were due to do work there. | years ago, in which he explained how he combined | first at the Lycée de Saint-Quentin, Aisne, and subse- 
For some unexplained reason, the vertical trunking | Ditro-glycerine and guncotton, and then slowed down | quently at the Lycée Henri IV, Paris. After studying 
had been removed from the hole by somebody a | the speed of explosion by adding thick oil. I under-| at the Ecole Normale Supérieure, he qualified as a 
day or two prior to the accident. For the plaintiff | —_ oe are was made by substituting mineral | schoolmaster and began teaching in the Lycée de 
it was contended that the defendants had been|’” > ‘" babricating oil. | Bourges in 1868. Later in the same year, however, he 
pity of religence ino) Tiling to fence or gd | so) | yep 
the hole; (6) failing to provide a warning of its), ,, tc Paris, and ecattehed upon his life-long series of academic 
existence ; (c) failing to have sufficient lighting in | 21, puacd wins _—— | researches on electro-magnetic waves. In 1875 he 
its vicinity ; (d) having removed such boards as | me 3. 1940. ee | left the Sorbonne to become Professor in the Ecole 
had guarded the hole ; and (e) having permitted it : fi - c ' ; | Libre des Hautes Etudes and during the succeeding 
to be in such a position and condition as to consti- |, [Hudson Maxim (1853-1927), Sir Hiram Maxim's | years delivered series of lectures on natural philosophy 
tute, in effect, a concealed danger or trap to persons | brother, experimented extensively with explosives, | to advanced students. Meanwhile, he continued his 
seentiadie aches ti ae Ti | and was the inventor of ‘ Maximite.” According | researches and also qualified as a doctor of medicine, 
ee Rens Donne. ne mag ane i , to the Dictionary of American Biography, in 1901 he | practising as a physician from 1896 until 1916. 

Head contractors in cases of this kind, said Mr. | received 50,000 dol. from the United States Govern-|  [¢t was in the early ’nineties of last century that 
Justice Tucker, are generally to be regarded as | ment for his work, and in the same year the Du Pont | Branly published, in the Comptes Rendus de U Académie. 
“ invitors * to the workmen of the sub-contractors |Company established a laboratory for him. There | des Sciences, the results of his researches on the influence 
and, accordingly, to be subject to the liabilities of | is nothing in the notice to indicate that he was the | of electro-magnetic waves on finely-divided substances. 
invitors; but they cease to occupy that status | first to combine nitro-glycerine and true guncotton. | When measuring the resistance ‘of powdered metals 
when they have surrendered exclusive control of a | - ow a — a oo =e. of | contained in a tube, he found that their resistance 

: : : cordite, } ». Government, Sir Richar ebster, | : sotrio fie 
portion of the premises to sub-contractors. Broadly, | afterwards Lord. Alverstone, repeatedly stated that | but that the resistance was restored by mechanical 
the duty of an invitor is to peeves the Invitee |“ Sir Hiram Maxim was the first to combine nitro-| shock. This principle was utilised in the Branly 
suffering damage, on the premises to which the | glycerine and true guncotton in a smokeless powder,” | eoherer, which was afterwards improved and developed 
latter has been invited, from unusual sources of| and this was the decision of the Court. Neither| py Marconi and other pioneers. ae ite werk in aie 
danger which are known to the invitor or of which |in this case, nor in the action between Sir Hiram | gphhere Branly was awarded the Houllevigue Prize 
he ought to be aware if he exercised reasonable | Maxim and the Government in respect of their cordite | of the Académie des Sciences in 1898 and he also 
care in the matter. A head contractor is not bound | “!#ims, was reference made to = American, other | received a Grand Prix and the honour of Chevalier of 
to go round the site inspecting the works of the | oe Se ee See oe ae eras %. nee the Legion of Honour for his exhibits of coherers 
sub-contractors so as to ascertain whether any of | of the mh in the invention of smokeless powder | — be fart ee sg erm = oe be + Se 
them comprise or contain concealed sources of| we would refer our correspondent to an articl Bream, ge ~ ornate nderetyen Arty sts 

spc cle ©n| from ‘his other duties to electro-magnetic research, 











danger. | “* Naval Ordnance and Smokeless Powder,” on page 124 ths : : ent : 

Were the defendant sub-contractors under a duty | of our 91st volume (January 27, 1911), in which the emg Lughat we pe monet oh rahe nn 
to guard against interference with the trunking ? | official British records are cited.—Ep., E.] | among ‘them being election as Membre de PInstitut 
It was admitted by one of the employees of these | |(Académie des Sciences, Section de Physique), in 
sub-contractors that they would not have left this | | January, 1911, and promotion to the distinction of 
particular job, in the way they did, had they | Grand Officer of the Legion of Honour. In addition 
expected to be away from it for so long as, in fact, OIL-GROOVE CUTTING MACHINE. | to the degree of Doctor of Medicine, he held those of 


they were (three weeks) ; but he had also testified To tHe Eprror oF ENGINEERING. | licentiate in mathematical sciences and of Doctor of 
that the place had been left in a safe condition.| g ' ith i st, | cere Setemes. 15d was alse Sor many yous Ageegs 
bs ; : | Srr,—I have read, with interest, the description| of the University of Paris. Among other foreign 
lhere was ™ evidence to show who had interfered | appearing in your issue of the 15th instant of the | distinctions was that of the award of the Trasenster 
with the trunking afterwards, or how. It was not | ingenious tool for cutting grooves in bearings—a| Medal of the Association des Ingénieurs Sortis de 
possible, therefore, to conclude that the defendants | bad habit which persists as if Beauchamp Tower, | I’Ecole de Liége. In spite of advancing years, Professor 
must have left the place in an unsafe condition, Osborne Reynolds and A. G. M. Michell never existed. | Branly continued his research work until quite recently. 


and it was for the plaintiff to prove his case and to | Mr. William Stone, of Melbourne, in his classical 


show that the defendants had been negligent. Nor | no agg hoes 4 core, Rte pare eer ge 
could the contention be sustained that a sub- PS gg Bop ye i 


| summary of Tower’s work by stating that “* holes and | THE LATE MR. F. W. BRIDGES. 


contractor, in such circumstances as existed here | grooves in the brass are effective means for removing 








ie., works in course of construction, must be | all oil from the journal.” | As briefly reported in our issue of last week, Mr. 
taken to expect that some other sub-contractor | Yours faithfully Frederic W. Bridges, well-known as the organiser of 
would deliberately move what had been left in a} ; w. i. GRIEVE. | engineering and other exhibitions, died on March 13, 
fixed and secure condition, and that, having moved | Adpan Weeks | at his home in South W codford, after a short illness. 
it, he would omit to replace it and to see that the|” * gt. Leonard’s-road | Mr. Bridges, who was born in 1859, began his career as 
| : : mt. D | representative in Australia and New Zealand for 
place was properly guarded and not left in a danger- | Willesden Junction, 4 ‘hemi i 
diti h “ - | The Ironmonger and the Chemist and Druggist. On 
ous condition. ‘There was no duty imposed upon | * London, N.W.10. | returning to this country, he started 7 he Ironmonger’s 
them by law to visit such a place daily to ensure | March 19, 1940. | Chronicle. This venture was followed by the printing- 
non-interference by other sub-contractors. | [We described the machine in question purely on its | trade journal now known as “he Caxton Magazine, 


The sub-contractors (Gardner and Company) had | intrinsic merits as an example of machine-tool design, | at that time 7he Press, with which were associated 
no knowledge that the place was in a dangerous|and feel sure that neither Mr. Grieve, nor readers |7he British Stationer and 7he Modern Lithographer, 
condition ; still less that the plaintiff was exposing | in general, would assume that a description in Enat- | now published as separate papers. 

himself to risk emanating from it. If they had had | ¥®®8'NG of any mechanical device necessarily implies | _Rather more than 40 years ago, Mr. Bridges began 
such knowledge it would have been their duty to| approval or otherwise of the purposes for which it is| his association with the activity by which he was 
afequard the pl cnt the ibility of injuring | to be employed. We support fully the opinion which he | best known in engineering circles, namely, the organi- 
safeguard the place agains © POSsIDIIvy OF InjurINg | quotes of the detrimental effect of oil grooves in| sation of trade and technical exhibitions. The best 
persons lawfully resorting to the basement, whether | bearing, and have consistently maintained the | known of these was the Shipping, Engineering and 
they had knowledge of the plaintiff in particular | superior advantages of oil-film lubrication ever since | Machinery Exhibition, latterly called the Engineering 
or not. the introduction of the Michell bearing; the develop-| and Marine Exhibition; but he was responsible also 
| ment of which, we believe, was materially advanced | for the International Printing and Allied Trades 
in its early stages by the work of the late Mr. H. M.| Exhibition, the International Laundry and Allied 














TRANSPORT OF BRITISH COLUMBIAN TIMBER.—It is | Martin, of our staff.—Ep., E.] | Trades Exhibition, the International Foundry Trades 
stated in The Board of Trade Journal that negotiations | Exhibition, the National Gas Congress and Exhibition. 
for the transport of British Columbian timbers, by rail, | the Electrical Trades Exhibition, the Music Trades 
to Atlantic ports, have made sufficient progress to enable | Exhibition, the Business Exhibition, and a number of 
arrangements to be put in hand for the first cargo to be} ARc-WELDING CoMPETITION.—In our article dealing | similar events held in various parts of the country. 


conveyed in this manner. The railway rates which are | with the arc-welding competition which is being con-| In addition to these interests, conducted in recent 
being paid, namely, 75 cents per 100 Ib. to the ports on | ducted by the James F. Lincoln Arc Welding Foundation, | years through the firms of Messrs. F. W. Bridges and 
the St. Lawrence River, and 82 cents to St. John and | which appeared on page 288 of our issue of March 15,| Sons, Limited, and Messrs. Provincial Exhibitions 
Halifax, will add to the cost of the timber, but the saving | it is stated that 60 per cent. of the awards in the previous | Limited, Mr. Bridges was chairman of the printing 
in the length of the voyage and the increaséd amount of | competition were won in the British Empire. This | firm of Messrs. James Cond, Limited, Birmingham, and 
tonnage thereby made available will enable a larger | figure is incorrect and should be 10 per cent. to 15 per| of Messrs. Pulling and Worsley, Limited, exhibition 
quantity to be imported than would otherwise be the| cent. The mistake arose owing to a misunderstanding | contractors. For a number of years he was chairman 
case. | during a telephone conversation. | of the Stationers’ Association Benevolent Fund. 
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SHIPBUILDING AND SHIP- 
INDUSTRIES AFTER 
WAR.* 


Herp. 


THE 
REPAIRING 
THE 

By ARCHIBALD 


SIR 
(Concluded from page 315.) 


Ose of the first problems which called for solution 
after the Armistice was the excess of capacity—nearly 
as could be employed in foreseeable 
circumstances—owing to the progress of shipbuilding 
abroad This excess led to conditions of uneconomix 
competition which threatened the whole industry. In 
the struggle for work, ships were built at less than their 
cost, a policy which meant bankruptcy for some firms 

Shipowners, over- 


twice much 


as 


and embarrassment for others. 
burdened by their purchases of enemy tonnage which 
had been surrendered under the Peace Treaty as well 
as of Standard Ships, in many cases financially 
weakened by their unhappy war experiences under 
Government control, had few orders to give. The post- 
war boom (in the year 1920 the launchings amounted 
to 2,055,624 tons gross) was followed by a series of 
years when the output averaged little more than half 
that figure, and then the demand steadily and per- 
sistently declined until the low-water mark of 133,115 
tons gross was reached in 1933. It is estimated that 
in that period about 150,000 men left the shipbuilding 
and allied industries to find other work. 

Chat the greatly increased facilities provided during 
the war could never be required under peace conditions 
was proved by the empty berths and the rising record 
In 1934, little more than one-third 
of the shipyard capacity was employed and in the 
following year the position was even worse. The policy 
of National Shipbuilders’ Security, Limited, in inaugu- 
rating a for eliminating redundant yards 
eventually reduced the capacity by about 
has been repeatedly challenged, mainly on 
social and political grounds. This body exercised no 
coercive powers because it had none to exercise. It 
could only acquire such yards as owners would agree 


of unemployment, 


Lal heme 
which 
one-third, 


to sell. It worked slowly and methodically. As a 
result of its action, overhead charges amounting to 
about 1,000,000/. per annum were saved, and such 


work as was available was concentrated in the remaining 
yards, with the result that it was done more rapidly, 


more efliciently, and more cheaply. Owing to this 
scheme, the industry was able once more to get into 
its stride. 

Not until 1936, when the mistake of unilateral 


disarmament was admitted, had the Admiralty any 
considerable contracts to place. The assisted-building 
policy of the Government, under the British Shipping 
(Assistance) Act of 1935, relieved the situation to some 
extent, especially on the North-East Coast and on the 
Clyde, but when the financial aid to encourage owners 


to build cargo ships automatically lapsed in 1937, 
owing to a short-lived revival of freight rates, the 
position steadily deteriorated, and in the first three 


months of 1939 all the orders for merchant ships which 
were placed amounted to only 71,000 tons. The 
Government, realising that the industry was in extremis, 
then decided that it must come to its aid, moved to 
sction less to provide more ships in view of the gathering 
Europe than to relieve unemployment. 
Ace to the President of the Board of Trade, 
shipowners’ applications to take advantage of the 
grants and loans, which were offered in March of last vear, 
covered about 200 ships of 1,000,000 tons. In July, 
the British Shipping (Assistance) Bill (1939), which 
was to regularise the action which had been taken in 
When the war 


clouds in 


ording 


the spring, was read a second time. 
opened, it was abandoned 

From the early days of Septem ber, the Government 
virtually took over the control of all the shipbuilding 
und ship-repairing yards. It may be assumed that at 
the beginning of the war about one-third of the capacity 
of all the vards was engaged on mercantile work. On 
the other hand, they were busier than for many years 
on Admiralty contracts. The Navy Estimates for 
1939.40 showed that 173 men-of-war were building or 
projected. In these circumstances, the task of meeting 
the national demands under wa: conditions was under- 
taken. The Government called upon the Shipbuilding 
Conference to formulate a war programme. It was a 
fortunate circumstance that the industry, owing to the 
manner in which, without aid from the State, it had 
digested successfully the embarrassing legacies of the 
war and had survived without loss of efficiency the 
most serious depression experienced in modern times, 
was in a state to undertake the responsi bilities which 
were immediately thrown upon it. Testimony to the 
confidence reposed in the industry was expressed in 


* Paper contributed to the Transactions of the Institu- 
of Naval Architects for discussion in writing. 
Abridged. Comments should in the hands of the 
at 10, Upper Belgrave-street, London, 8.W.1, 
April 30, 1940. 


tion 
be 
secretary 


than 


not later 
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October by the Minister of Shipping (Sir John Gilmour, 
M.P.), when that department was created, by the selec- 
tion of Sir Amos Ayre, the chairman of the Shipbuilding 
Conference, to fill the position of Controller of Ship- 
building and Repairs. Under the authority of the 
Ministry, he continued his work of organising the 
industry for war. 

The situation underwent a further change at the 
end of January, when the Prime Minister announced 
the Government's decision to put the control of mer- 
chant shipbuilding and repairing into the hands of the 
Admiralty. He stated that Sir James Lithgow had 
agreed to become (unpaid) Controller of Merchant 
Shipbuilding and Repairs, and that Sir Amos Ayre 
was to be Director of Merchant Shipbuilding and 
Repairs. They sought to secure through this change 
of organisation the advantages of centralisation of 
materials and labour, and to assure greater elasticity 
in the allotments of capacity for naval and mercantile 


requirements. The Admiralty, he said, would assume 


the responsibility for ensuring the necessary production | 


of mercantile shipping as well as meeting the require- 
ments of the Navy, it being understood that, as regards 
the types of merchant ships, the Admiralty would 
meet the requirements of the Ministry of Shipping 
after consultation with representatives of shipowners. 
The Admiralty would be responsible for building the 
ships and they would become the property of the 
Government. 

As was the case when the Armistice was signed on 


November 11, 1918, this war will certainly leave behind | 


it troubles for the industry. Their character will 
depend on the policy of the Ministry of Shipping and 
the Admiralty. Unless a radical and unfavourable 
change occurs in the rate of loss of tonnage by sea, 
the shipping on the Register of the United Kingdom 
will be considerably greater than it was at the beginning 


TABLE III.—+/ross Earnings of British Shipping Engaged 
in the Foreign Trade of the World, After Deducting 
Expenditure in Foreign Ports. 


Year £ Year. £ 
340,000,000 1950 105,000,000 
110,000,000 1931 73,000,000 
133,000,000 1932 65,000,000 
140,000,000 1933 59,000,000 
124,000,000 1934 64,000,000 
120,000,000 1935 70,000,000 
140,000,000 1937 115,000,000 
130,000,000 1938 90,000,000 





130,000,000 


of the war. The Ministry of Shipping will consequently 
have no mean fleet of new cargo ships in its possession ; 
on the other hand, the arrears in liner construction, 
which were heavy before the war, will have been 
increased, while the shipping companies, confronted 
with more intense and more uneconomic competition 
than in the past, will not be in a position to place 
contracts. Shipping having been controlled from the 
opening of the war, owners have had no opportunity 
to create large reserves on which to draw for replace- 
ment purposes. In those circumstances, a post-war 
slump in merchant shipbuilding is inevitable, unless 
precautionary measures are adopted. 

How can the worst of the evil effects of the war on 
the shipbuilding industry be averted ? Government 
dictation, involving a measure of State control and 
bureaucratic interference, would spell disaster. An 
island country, which is the pivot of a maritime Empire, 
cannot afford to run any risks either in the construction 
or management of its essential ships. Cheap ship- 
building and cheap ship operating are the vital interests 
of all producers and consumers, since cheap sea trans- 
port is the foundation on which our prosperity as a 
nation rests. Bureaucratic control, however well inten- 
tioned and well directed, implies formalism in industry, 
which means absence of adaptation to changing 
conditions, lost opportunities of trading, and added 
expense. Private initiative has been the mainspring 
of the successful maritime industries of this country, 
and has enabled them to survive in face of many forms 
of State-aided competition on the part of rivals. 

It is sometimes suggested that, if control of ship- 
building desirable in war, it is also desirable in 
peace, and there are political theorists who go to 
the length of urging that the industry should be 
nationalised. That, incidentally, would also mean the 
nationalisation of shipping, which is our greatest 
export industry, of greater value even than cotton, 
steel, or coal, as is shown in Table III, above. 

Experiments in the State operation of ships have 
been made in other countries, to which cheap sea 
transport is not vital. When the American Govern- 
ment had on hand a great volume of tonnage, built 
under the war programme, it decided to retain the 
ownership of the vessels. It made arrangements with 
private firms to operate them, giving generous terms 
to those who agreed to develop services on new routes. 
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The experiment was continued for several years and 
when it was abandoned the expenditure, from first 
to last, had amounted up to about 1,000,000,000/. 
The Australian Government bought a fleet after the 
last war. That venture also proved ruinous, as did 
the attempt to stimulate shipbuilding in the Common- 
wealth. Both ventures were abandoned. Canada, 
Brazil, and other countries have from time to time 
burnt their fingers by “ playing with ships” and in 
every instance have regretted their ventures. 

History proves that private enterprise is the life- 
blood of shipping and shipbuilding, which can be 
conducted only under conditions of freedom. Of all 
the great maritime countries, ours was the one on the 
eve of the war in which shipping and shipbuilding were 
least subject to State spoon-feeding, which involves a 
measure of State control. In past decades, British 
shipyards, under conditions of fair play, were respon- 
sible not only for carrying out all the orders given by 
the British Admiralty as well as British shipowners, 
but, by reason of the quality of workmanship, price, 
and promptitude of delivery, secured large naval and 
mercantile contracts from foreign countries. The 
point to be emphasised, therefore, even while the 
present war is in progress, is that freedom from State 
| interference is essential to the prosperity of shipping. 
as of shipbuilding, if producers and consumers are to 
continue to gain all the advantages of cheap sea 
transport ; ifthe maritime industries are in combination 
to continue to be our most important export industries ; 
and if they are to provide employment on anything 
like the high scale which has been maintained in past 
years—little less than one million workers, directly 
and indirectly, when shipping is prosperous and the 
shipyards are busy. 

On that assumption, it lies with shipbuilders, in 
association with shipowners, to resist interference with 
| the freedom and stability of their industry, opposing 
by reasoned argument a repetition of the costly errors 
of the war of 1914-18, pleading for the lifting of Govern- 
ment control at the earliest date, and preparing a 
programme suited to the situation which will exist 
after the war, so far as it can be foreseen. 

If, with the co-operation of the Admiralty and ship- 
owners, the violent fluctuations in the demand on the 
shipbuilding industry could be reduced, great advan- 
tages would accrue to the nation, with a more tender 
conscience with regard to unemployment than in the 
past. Under the conditions which have hitherto 
existed, shipyards and the establishments which supply 
them with finished or semi-finished materials have 
occasionally been working at high pressure and then 
have been compelled to mark time, waiting for another 
rush of orders from the Admiralty and shipowners. 
The result has been disorganisation and waste. Under 
ideal conditions, building and fitting-out work should 
proceed methodically, each trade in turn obtaining 
employment. It has been urged time and again, and 
among others by the present First Lord of the Admiralty, 
that the Admiralty should state its requirements in 
advance, making known its programme for a number 
of years, and that shipowners also should be encouraged, 
under any scheme of State financial assistance, to make 
their requirements known over a period of years. So 
far as the naval authorities are concerned, the proposal 
should present few difficulties, and in the case of ship- 
owners the problem is not insoluble. 

On the eve of the war a statistical analysis was made 
of the shipbuilding effort which would be necessary to 
maintain the then existing merchant tonnage, without 
attempting vo make good the decline of 2,000,000 tons 
which had occurred in the preceding twenty years. 
It was proved that, making allowance for marine and 
other casualties, sales abroad, etc., it would be necessary 
to build about 1} million tons of new ships each year. 
The basis on which that conclusion was based has 
undergone some variation owing to the war. The 
‘ scrapping cycle,” which was traceable to the replace- 
ment of tonnage built during and after 1914-18, has 
been interrupted by the present struggle. The changed 
situation would repay continual study as the war 
proceeds in order that a fresh statistical analysis may 
be available when the occasion arises, with a view to 
co-operative action to regularise the demand on the 
shipyards, so as to avoid “* booms ” and “ slumps.” 

The point to be emphasised is that the shipbuilding 
industry, like shipping, was in extremis twelve months 
ago. What will be its condition after the war? It 
will be confronted by a post-war crisis probably of a 
more serious character than the pre-war crisis which 
led the Government to promise aid to shipping in 
order that shipbuilding might be stimulated. The 
British Shipping (Assistance) Bill of 1939 might form 
the basis for a post-war programme. If, when the 
war ends, owners and builders were in a position to 
submit to the Government arguments in favour of 
decontrol, and at the same time a modification of 
the Bill approved by the House of Commons in July 
and then abandoned, the initiative would remain with 
the maritime industries. That would be no mean 
tactical advantage from the industrial point of view, 
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apart from the fact that the interests of the whole | by the time the ship is ready for breaking up, the | —an error of 6 per cent. This was balanced in value by 
nation would be promoted. Shipbuilders cannot take | owners have retained very little information useful | an under-estimate of non-ferrous material of approxi 


the initiative; the onus obviously lies with ship- | to the breaker. mately 5 per cent. The non-ferrous material in the 
owners. But they can assist, as they did when the As an indication of the coefficients arrived at, C,, | vessel was of high quality and much heavier than in an 
shipowners were preparing their case for aid in 1939, the out-turn weight of heavy steel, ranged from 0-329 | ordinary ship of the same class. 

any preparatory inquiry which the Chamber of Shipping | in a Japanese origin cargo steamer built during the} In a large passenger liner, not only is it essential 
and the Liverpool Steam Ship Owners’ Association | last war to 0-42 in a high-class British built merchant | for the shipbreaker to get rid, as soon as possible, of 
may undertake. vessel. Similarly, Cy,, the weight of all ferrous material, | all the furniture and fittings, so as to enable him to 


All who are associated with the maritime industries | ranged from 0-394 to 0-48. Regular passenger liners, | proceed with the breaking-up proper, but these articles 
must obviously recognise that their interests are | including the Mauretania, have a Cj, in the region | realise quite a large figure. Some of the items parti- 
ultimately the same. If there were no shipyards | of 0-55. ‘The large variation between the coefficients | cularly connected with the ship or its history fetched 
there would be no ships, for it is unthinkable that a | 0-329 and 0-42 for cargo vessels has to be divided up | high prices from a sentimental point of view. For 
prosperous British shipping industry could be main- | according to class and trade of vessel. | instance, the ship’s ensign, signalling flags, house 
tained with foreign-built ships. If there were no ships| The main alternatives open to a shipbreaker are :—- | flags, chart room and bridge fittings, and also the ship's 
there would be no shipyards, for British shipyards | (1) To keep his yessel afloat and break up from the | bell, fetched prices in excess of new values. <A firm of 
could not exist on foreign orders only. The unity of | top downwards, deck by deck, taking out the engines | furnishing experts was called in to dismantle all 
interest of those who build, operate and repair ships | where possible, until the stage is reached where the | furniture, panelling, etc. Even this removal of 
is apparent, as Lord Essendon has stated. “In my | ship is light enough to go to a beach or tidal yard | furniture leaves a large quantity of material of no 
opinion,” he declared, on December 13, 1938, “ the | which dries out at low water. At the tidal yard the | scrap value from the crew and steerage quarters. This 
shipbuilding and shipowning industries must stand | breaker can complete the demolition by cutting through | must all be taken out and landed immediately the vessel 
or fall together . . . The maintenance of the mercantile | the bottom, dividing it up into sections. The point | arrives at the shipbreaking yard, otherwise hindrance 
marine is a great necessity and that maintenance cannot | at which the hull is transferred to the tidal yard | in the cutting up of the ship with oxy-acetylene and 
be kept up if the shipbuilding industry is imperilled.” | depends on the draught obtainable, and also on the | also the risk of fire will occur. 

Co-operation to promote the welfare of one and all, | remaining strength left in the hull. (2) To place the} As the Mauretania was destined for a shipbreaking 
as was suggested two years ago by Sir Charles Craven, | ship straight away on a suitable tidal beach, cutting | yard on the Firth of Forth, west of the Forth Bridge, 
would not only promote their own prosperity, but | the vessel down, and pulling it farther up the beach, | the masts had to be cut down to pass under the bridge, 
prosperity in peace and safety in time of war of the | alternately, until completely demolished. (3) Breaking | which has a clearance of 148} ft. at H.W.O.S.T. With 
whole nation of islanders, who, without cheap transport, | up in a dry dock, feasible only when a dock is available | some vessels undertaken after the Mauretania, it was 
would be reduced from the status of an Empire to | for little cost and the necessary time, or special con-| necessary to reduce the height of the funnels as well. 








that of a little island. siderations rule, such as the demolition of the inverted | Fuel oil, being one of the difficulties encountered by 
hulls of the ex-German battleships salved from Scapa | shipbreakers, has to be reduced to a minimum in a 
Flow. | vessel arriving at a shipbreaking yard. So well did 
The first operation on arrival of the vessel is imme-|the engineering staff of the Mauretania fulfil their 
THE DEMOLITION OF THE diately to get rid of all furniture, fittings, wood decks, | instructions that she arrived in Rosyth with 15 tons of 
* MAURETANIA.’’* residual oil fuel and other combustible material. The | oil in her bunkers. 
: ship is then cut into sections as large as the available| It is difficult to hold a large ship absolutely securely 
By M. Wirktyson, B.Sc., M.LE.S. cranage will lift ashore. The burners on the shore | alongside at Rosyth, and at the same time allow of 


the necessary movement backwards and forwards 
under the cranes for breaking-up purposes, Rosyth 
being exposed to strong westerly and easterly winds. 
It was decided, therefore, to dock the Mauretania to 
simplify mooring the vessel, She was not put on the 
keel-blocks ; the water was kept in the dock, and 
she was kept afloat. The cranage facilities were 
exceptionally good in this dock, there being one 15-ton 
and one 30-ton travelling dockside cranes. 
Immediately the vessel was docked, all remaining 


Tue demolition of the Mauretania marks an epoch reduce the large sections to market size. In recent 
in the history of trans-Atlantic shipping, and to some | Years the demands of the steel companies have grown 
extent, in the shipbreaking industry. Until 1918,}™more and more specific, and whereas, in 1918, there 
shipbreaking was carried on in a small way, and no/| Were very few grades of scrap, the different classes 
large tonnages of steel and iron ships had been under- of scrap are now sub-divided to a considerable 
taken. After 1918, the shipbreaking industry, en- | extent. The changed requirements of the steel maker 
couraged by large numbers of both naval and merchant | ate due to a closer analysis by him of the steel scrap 
vessels for disposal, expanded rapidly. It became a fed into the furnace. This demand has been met by 
highly competitive industry, having to compete both | the shipbreaker, but has involved much extra handling 
at home and in the world market with foreigners and, of necessity, a grading of prices. 
enjoying low wage rates or heavy subsidies. Just The main grades of scrap consist of :—(a) Heavy | furniture was removed, and a start was made with 
as the building of the Lusitania and Mauretania taxed | Steel scrap, which is cut approximately 6 ft. by 2 ft.,| getting up the wood decks. There are various methods 
the ingenuity of the shipbuilder, so the demolition with a maximum projection of angles, ete., of 8 in. | of doing this, one being to knock off the deck-bolt nuts 
of the Mauretania provided the shipbreaker with new The minimum thickness of material is 0-25 in.| with hammer and sett on the underside of the beams. 
and important problems. (b) Light scrap is under 0-25 in. thick, and there are | This is only effective when the wood is in fair condition 

The first and one of the major problems that faces | Various grades down to the very lightest material, | and the beam is of heavy scantling. Old planks or 
the shipbreaker is to estimate the out-turn weight which is frequently sent to the steel makers in bundles, | light beams tend to make the bolts twist before the 
expected from the vessel he is about to purchase. hydraulically compressed and baled. (c) Anchors and | nuts can be struck off, and the deck above splinters 
In the early days, the estimation of out-turn weights cables form a separate class, and in some cases are | badly. To drill out the bolts is only worth while if the 
was largely a matter of rule-of-thumb, but latterly | Te-usable after reconditioning and re-testing. (d) Cast| timber is of exceptional quality. Unscrewing the 
it has become more standardised. The financial| iron has to be balled, or otherwise broken down to| nuts is too laborious and slow, the square head of the 
sizes ranging from a ewt. downwards, according to the | bolt turning round in the aged wood of the deck. A 
is essential. Even when using improved methods, | demands of the trade. (e) Cast steel has to be cut down | compromise method found to be effective was to remove 
it is still to a large extent a combination of experience | tO manageable sizes for the steel maker’s charging box. | the dowel in the deck plank and burn the bolt out 
and intelligent guessing. Some years ago, the author (f) Shafts and rounds form a special classification, and | with an oxy-acetylene torch. Teak decks are most 
made an investigation to see if it were possible to| im many cases are re-usable, being forged down in| worth saving, the teak being little affected by weather, 
standardise estimating. After taking out a considerable | Other industries. (g) Boiler tubes from water-tube | and easily capable of being sawn down to smaller 
amount of data. it was found that the broad outline | boilers, if sound, can be re-drawn to smaller bores, | planks. Pitch-pine and Oregon-pine decks occasion- 
of the main constituents of a ship’s weight, as broken such as light tubing for bicycles, etc. Tubes from | ally repay lifting carefully, so also does yellow pine. 
up, could be obtained from a series of coefficients. | Scotch boilers in first-class condition are re-usable but | In actual practice, a very small percentage of the wood 
To begin with, these coefficients had no affinity to | rarely arise. (h) Timber is classified into various grades | decks in a vessel is saleable as re-usable timber ; 
each other, and when graphed would not fall into any | from best re-usable timber down to firewood. | most of it is sold for firewood. Basins, baths and sani- 
reasonable curve or straight line. As more vessels Rope and canvas finds a market, as also does | tary fittings are of little value and usually only find a 
were broken up and data obtained from them, coeffi- asbestos lagging from boilers. Insulation from refri- | limited local market. All the lead, copper and nickel 
cients were found to fall into groups. These groups gerated spaces, such as granulated cork, silicate of | fittings and pipes are recovered. Composition decks 
could be classified according to the size of the ship, | cotton and magnesia, if clean and dry, is re-saleable | are frequently found below weather decks in passenger 
its trade and its general construction, with modifica- | The non-ferrous material arising from a ship has even | accommodation, and are broken up by hammer and 
tions for age and country of origin. Even at the best, | more classifications and grades than the rest of the| chisel. They are more easily lifted by using pneumatic 
the coefficient system has the disadvantage of empirical material. Practically nothing of a ship is wasted, except | concrete-bursters, driven in at an acute angle. 
formule, that results verv often do not bear anv known | concrete filling, which comes from the double bottoms | Cutting operations commenced with the cutting off of 
relationship to the quantities used in arriving at them, | @nd other spaces, and a certain amount of rubbish, | all ventilator coamings, thermotanks, and deck houses, 
As an instance, it may be noted that in the ordinary | Such as broken tiling, composition decks, etc. and the removal of deck machinery, boats, davits, etc. 
three-island cargo ship the out-turn weight for wood The Mauretania was offered for sale in March, 1935. | The masts were cut off at deck level and lifted ashore, 
corresponded reasonably accurately with the heating The owners were able to place at the breaker’s disposal | The general system of breaking up was to commence 
surface of the boilers, in square feet, divided by 100. | ® great amount of useful data, the most useful figures | sweeping the top deck clear, and then to continue 

‘ being a displacement scale and machinery particulars. sweeping each deck clear until the upper deck was 
The displacement scale showed a light displacement of | reached. At this stage it was necessary to proceed 
30,800 tons on a light draught of 28 ft. 1 in. It was| with great caution so as not to strain the vessel. The 

For purposes of estimating, coefficients were averaged estimated that, allowing for 7 per cent. wastage and funnels were felled in much the same manner as felling 
from vessels falling into corresponding groups as irrecoverable rubbish, the out-turn weight would be|atree. The oxy-acetylene torch was used to cut round 
previously mentioned. After the vessel was broken up, | i? the region of 27,300 tons. The actual out-turn| the base, leaving only one or two supports holding the 
the actual out-turn weights were put against headings | Weight of the vessel when completed was 25,000 tons,| funnel. These were then cut in such a manner as to 
in the estimate sheet and the coefficients compared plus an unweighed amount of furniture and fittings | make the funnel fall along the centre line of the ship. 
ind filed under the classification of the ship for future | removed after the auction sale. A calculation of the | The funnels collapsed with their own weight on striking 
estimates. The main endeavour of the system was | figure was made by the change in draft during removal | the deck. They proved an excellent example of one 
to try and obtain a reasonably accurate estimate of a | #nd reference to the tons per inch immersion scale. | of the shipbreaker’s chief difficulties, i.e., paint, parti- 
vessel, using little more than the information available | The result was approximately 1,000 tons, This gives | cularly lead paint and red lead. The paint thickness 
in Lloyd’s Register. It may seem strange that full] | 4 net out-turn weight of 26,000 tons, or an over-| on the Mauretania funnels was § in. A cross-section 
information regarding the vessel for demolition is not estimation of about 4} per cent. The 7 per cent. | under a magnifying glass showed successive layers of 
available from the owners. In practice, however, allowance and the error consists of corrosion, concrete, | paint and, to an extent, gave the history of the ship, 
it is found that, with the exception of lafge vessels, | Years of accumulated dirt, paint and unsaleable | the layers being akin to the rings of a tree. It was 

——--— —— ~-- ——~- ~ | material not weighed out of the ship. The subdivision | quite possible to distinguish the war years, as the paint 

* Paper read before the Manchester Association of | of the out-turn weight showed a total ferrous material | showed the signs of camouflage. 

Engineers on Friday, March 15, 1940. Abridged. out-turn of 22,500 tons, as against 23,980 tons estimated (To be continued.) 


margins are exceedingly small, and accurate estimating 











With the coefficient system individual estimates might 
err by fully as much as 10 per cent., but on a year’s 
working the error did not exceed + 3 per cent. 
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LABOUR NOTES. 


At a meeting in London last week of the General 
Council of the Trades Union Congress, strong criticism 
was expressed of the Prime Minister's refusal to consider, 
during the war, any amendment of the Trade Disputes 
and Trade Unions Act. A report on the subject 
referred to the indignation felt throughout the trade 
union movement at the Prime Minister's implication 
that the unions were on a kind of probation during the 
war, and that their behaviour would influence the 
Government's attitude to amendment of the 1927 Act 
after the war. It was pointed out that the question 
of amendment of the Act had not arisen since the war 
but had been repeatedly pressed before, and that the 
Prime Minister was, in fact, replying to representations 
made as far back as February of last year. An official 
statement added :—‘* While the Council recognised 
that alteration of the 1927 Act would require legislation 
they could not imagine that any responsible person 
would create controversy, such as the Prime Minister 
sppeared to apprehend, by opposing the claims put 
forward on behalf of the trade unions in view of the 
effect of the Act upon the relations of the Civil Service 
organisations with the Trades Union Congress, the 
position of trade unionists in the employment of local 
and public authorities, the interference with the freedom 
of trade unionists resulting from the operation of the 
Act, and from the disabilities it imposed upon the work- 
ing-class When the country was 
ataking its whole resources in a war for freedom and 
democracy, the Council felt that the retention of this 
Act upon the Statute book was a mockery of the ideals 
for which the nation was fighting.” 


organisations. 


The General Council also considered the draft of a 
proposed joint statement on prices, wages, cost o 
living and savings, which has been discussed at meetings 
of the employers and trade-union representatives on 
the National Joint Advisory Council of the Ministry of 
Labour. There was considerable criticism of the terms 
of the draft and of the expediency, in present circum- 
stances, of making such a statement. The subject 
was, therefore, referred back to the sub-committee 
for further consideration. It is understood, however, 
that the General Council remain convinced of the 
necessity of measures to guard against inflation. 
(nother matter considered was the question of work- 
men’s compensation, and the Government's proposals 
on the subject of supplementary allowances in work- 
men’s compensation cases were regarded by the Council 
as inadequate. It was decided to urge acceptance of 
the Council's own proposals of 75 per cent. of normal 
wages, with a minimum of 31. a week, or full wages if 
they were less than 31. 


The National Federated Electrical Association and 
the Electrical Trades Union have agreed that, 
from the second pay day in April, the cost of living 
(war) addition shall be 9s, 2d. a week up to the first pay 
day in July. 


aS 


It is reported from Angora that, with a view to 
ensuring the country’s preparedness to meet any 
eventuality, the Turkish Government have decreed, | 


under the recently adopted emergency law, the exten- 
sion of working hours from nine to twelve a day in all 
factories, workshops, mines and other enterprises 
the output of which is considered to need increasing. 
The new law will apply, it is stated, to women and 
children as well as to men, and women and children will, 
in future, work on nightshifts, which has been strictly 
forbidden in the past. All workers will still be entitled 
to a rest day each week, but such rest will not necessarily 
be taken on Sunday or official holidays when work must 
be pursued if circumstances warrant it. 


One of the findings of the Royal Commission on 
the Distribution of Industrial Population recommends 
the setting up of a central authority charged with the 
work of the dispersal of industries and industrial 
populations, and also empowered to take steps to 
encourage a reasonable balance of industrial develop- 
ment. The writer of the editcrial notes in the March 
issue of Man and Metal, the journal of the Iron and 


Steel Trades Confederation, dealing with that point, | 


says :—‘* Whether such a central authority could be 
able to do much other than tabulate reports would 
depend upon the extent and range of its powers, and 
they would have to be very wide indeed and sweeping 
to tackle the problem of any large movements in 
population. Our experience over the evacuation of 
children gives some idea of the human and social 
implications of such changes, and we cannot visualise 
any authority having the power to shift human beings 
about without their consent. If industrial develop- 
ment is directed and controlled, the question of the 
population can safely be left to look after itself. Where 
industry is, men and women obviously will foregather.’ 
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The Minisiry of Labour Gazette states that among 
insured persons between the ages of 16 and 64, the 
percentage unemployed in Great Britain and Northern 
Ireland at February 12 was 10-3, as compared with 
10-2 at January 15 and 13-1 at February 13, 1939. 
For persons insured under the general scheme, the 
corresponding percentages were 10-2 at February 12, 
the same as at January 15, as compared with 13-3 at 
February 13, 1939. For persons within the agricultural 
scheme, the percentages were 11-1, 9-7 and 9-9, 
respectively. 


At February 12, there were 1,141,358 
persons on the registers of Employment Exchanges in 
Great Britain who were out of a situation. This was 
78,145 less than at January 15 and 397,154 less than at 
February 13, 1939. There were registered as unem- 
ployed in Great Britain 315,072 persons who were on 


short time or otherwise temporarily suspended from | 


work. This was 65,349 more than at January 15 and 
23,392 more than at February 13, 1939. Of workers 
who normally seek a livelihood by means of jobs of 
short duration, there were on the registers in Great 
| Britain 47,670 unemployed. This was 2,000 less than 
| at January 15 and 18,856 less than at February 13, 1939. 
| The total of 1,504,100 persons on the registers at 
February 12 included 1,348,231 applicants for benefit 
or allowances and 155,869 non-claimants. 





In the industries for which statistics are regularly 
compiled by the Ministry of Labour and National 
| Service, the changes in rates of wages reported to have 
| come into operation in February are estimated to have 
| resulted in an increase of about 437,000/. in the weekly 
full-time wages of over 2,800,000 workpeople, and in a 
decrease of about 17,0001. in those of 190,000 work- 
people. Of the 190,000 workpeople whose rates of 
wages were reduced, 49,000 had received an increase 
of a greater amount in January. The changes reported 
in the first two months of this year are estimated to 
have resulted in a net 
week in the full-time wages of 4,738,000 workpeople 
decrease of 3,000/. in those of 141,000 








and in a net 
work people. 


wages 


The principal groups of workpeople whose 
were increased in February included men and boys in 
the engineering industry, shipbuilders and_ ship- 
repairers, building-trade operatives, men employed by 
civil engineering contractors, and shoe opera- 
tives, pottery workers, and wool textile operatives in 
Yorkshire. In the coal-mining industry, there were 
reductions in rates of wages in Northumberland, 
Yorkshire and the Forest of Dean, and a net increase in 
Leicestershire. 


boot 


At March 1, the average level of retail prices of the 
commodities taken into account in the statistics com- 
piled by the Ministry of Labour and National Service 
(including food, rent, clothing, fuel and light. and 
miscellaneous items) was approximately 79 per cent. 
above the level of July, 1914, as compared with 77 per 
cent. at February 1. The index figure for food was 
the same at March 1 as at February 1, viz., 61 per cent. 
above the level of July, 1914, increases during February 
|in the prices of eggs, margarine and cheese being 





| counter-balanced by decreases in those of bacon and 
fish. Among items other than food, the principal 
changes were increases in the prices of clothing and 
coal, 


The number of trade disputes involving stoppages 
of work, reported to the Department as beginning in 
February, was 57. In addition, 14 disputes which 
began before February were still in progress at the 
beginning of that month. The approximate number of 
workpeople involved in these 71 disputes, including 
workpeople thrown out of work at the establishments 
where the disputes occurred, was 41,000, and the 
aggregate duration of the disputes in February was 
about 168,000 working days. 


The Staff Side of the Civil Service National Whitley 
Council are organising mass meetings of civil servants 
in a number of important centres to ‘demand that 
the Chancellor of the Exchequer shall reverse his deci- 
sion not to grant compensation for the increase in 
the cost of living.”” The basis of the claim is explained 
in an official statement which has been circulated. 
There are now about 400,000 civil servants, of whom 
| approximately 320,000 are in receipt of less than 5/. a 
| week, 290,000 in receipt of less than 4/. a week, 200,000 
in receipt of less than 3/. a week, and 85,000 in receipt 
|} of less than 2/. a week. ‘‘ Thus,” it is pointed out, 
|‘ the great bulk of the Civil Service consists of people 
on wage levels comparable with those of wage earners 
|in industry generally. Since the outbreak of war 
|about 9,000,000 workers have received appreciable 
| increases in wages. Most of those increases are either 
directly or indirectly related to the increase in the 
cost of living.” 


increase of about 700.0001. a | 
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* Civil servants,” the statement continues, “* would 
have preferred no increase in price levels to increased 
price levels accompanied by wage revisions. But the 
cost of living has already increased by 14 per cent., 
and while the Government is doing a certain amount 
by way of price control, it is unable to give any assur- 
ance that this tigure will not be exceeded. Civil servants 
are in no position to withstand increases in the cost of 
living of the magnitude which have already taken place 
and they claim that both intrinsically and by compari- 
son with what is happening in industry generally, 
they should be given a cost-of-living bonus.” 


A revised version of Interpretive Bulletin No. 4, 
which deals with maximum hours and overtime, has 
been issued by the United States Wage and Hours 
Administration. It takes into account the reduction 
in the maximum hours from 44 to 42 which was made 
effective on October 24, 1939. It specifies in clearer 
language than before that there is no limitation of the 
number of hours that may be worked in any one work- 
day or on a Sunday or holiday without payment of 
overtime, provided the weekly limit is observed. It 
re-emphasises the fact that the Fair Labour Standards 
Act takes a single work week the standard and 
permits of no averaging. If an employee is paid at 
different rates during the same week, his regular rate 
on which any overtime due to him is computed, is the 
average hourly rate for the week. In addition, the 
warning of General Counsel regarding the legality 


as 


| of various book-keeping methods, with the aid of which 
|}employers have resorted to adjustments or manipu- 


| 


lations of hourly rates of pay to avoid the overtime 
requirements of the Act, is incorporated in the Inter- 
pretive Bulletin. 


An Act recently passed by the Estonian Parliament 
for the protection of elderly workers provides that 


| employers in large and medium-sized industrial under- 
| takings must retain in their employment a certain 


j}average wage of an 


proportion of workers between the ages of 50 and 65, 
the proportion being fixed by the Minister of Social 
Affairs in agreement with the Minister of National 
Economy after consulting a special committee which 
includes a representative of the Chamber of Commerce 
and Industry and a representative of the Chamber of 
Labour. Any employer who employs less than the 
statutory minimum proportion of elderly workers must 
pay to the authorities in respect of each unit by which 
he falls short of that proportion a tax known as the 
‘maintenance allowance,” equal to 20 per cent. of the 
unskilled worker. The yield of 
this tax is used mainly for the payment of allowances 
to elderly workers. An employer may retain in his 
employment workers over the age of 65 if they are 
not entitled to the unemployment relief mentioned in 
another part of the Act, which deals with the assistance 
to be granted to aged and disabled workers. The Act 
does not apply to undertakings working for the army 
or for the Ministry of War. 


Recently, the Japanese Ministry of Social Welfare 
published the results of an inquiry carried out at the 
end of June last vear into canteens for distributing 
meals to factory workers and other wage earners. The 
number of canteens established by factories for the 


|supply of meals to their own workers only is 936, 


the number of meals served daily being 1,545,627. In 
calculating these figures, no account is taken of canteens 
in factories normally employing fewer than 300 workers 
or of those set up for salaried employees in industry. 
Most of the canteens are in the textile industry (543 
with a daily average of 1,053,753 meals). The next in 
order are factories for the manufacture of machines and 
tools and chemical factories. These have 236 and 112 
canteens and a daily average of 254,391 and 210,836 
meals, respectively. 


There were also, at the end of June, 1939, 130 inde- 
pendent institutions for the distribution of meals, which 
were not connected with any one establishment but 
served the staffs of a certain number of industrial 
or retail commercial establishments in a given locality. 
The establishments in question made contributions 
towards the organisation of all these canteens, the 
total number of establishments being 7,758, distributed 
over 22 prefectures out of a total of 46 in the whole ot 
Japan. The average number of meals provided daily 
was 274,026. The average maximum price of meals 
per day was 30-7 sen per head, and the minimum price 
26 sen. 


Oo 








CANADIAN PapPER INDUsTRY.—The production of 
newsprint paper in Canada during 1939 totalled 2,869,266 
tons, as compared with 2,624,580 tons in 1938 and 
3,647,800 tons in 1937. 
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RESEARCH ON SURFACE FINISH. 


THE degree of accuracy implied by the term “ surface 
finish ” is not to be confused with that involved in the 
modern practice of working to extremely fine limits ; 
two surfaces in contact, for example, piston rings and 
cylinder, may be a very close fit, yet the contact area 
may be relatively small owing to the serrations resulting 
from the machining operations. The nature of these 
serrations varies according to the particular operation 
but, hitherto, there has been no standard of surface 
finish. The ground has been prepared, at all events, 
by work undertaken by the Research Department of 
the Institution of Production Engineers, which 
described in a preliminary report entitled ‘‘ Research 


Is 


on Surface Finish,” by the Director of Research, Dr. | 


George Schlesinger. Although this report is described 
as preliminary only, it contains a great deal of interest- 
ing material and, in consequence, is too long for 
reproduction in extenso. The following summary, 
however, comprises, to some extent, the actual wording 
of the report. 

Dr. Schlesinger begins his report by stating that the 
finish of machined parts should be just “‘ good enough ” 
to allow the component to function satisfactorily and, 
at the same time, to permit economic manufacture. 
Surface finish has an important influence on the resist- 
ance of the components to wear. Unless surface 
finish is controlled, machines and tools intended to 
produce accurate size may be rendered less efficient, 
though good surface finish is easy to attain and the 
costs of doing so are negligible compared with the 
benefits derived. The first task of the Research 
Department was to test existing methods and instru- 
ments and to report upon their usefulness for production 
workshops. The objects of the research are: (1) To 
replace the present loose descriptive methods of defining 
surface finish by a more definite system. (2) To 
select a suitable unit for measuring surface finish. 
3) To suggest symbols for use on drawings. (4) To 
compare methods of observing surface finish. It is 
necessary at the outset to ascertain what surface 
finishes are used in British industry and to learn 
whether such terms as “ commercially ground” and 

fine ground” have the same meaning in different 
branches. 
contributed by 16 leading British firms in the following 
industries : (a) motor-car ; (b) aeroplane ; (c) railway ; 
(¢) electrical machinery ; (e) machine tools ; (f) optical 
‘nd precision instruments. The specimens chosen 
were ordinary components of which the material, 
nominal finish and direction of sliding, i.e., parallel 
to the surface serrations or at right angles to them 
were known. The surfaces were produced by various 
methods of machining, including boring, reaming 
turning, milling, broaching. planing, scraping, grinding, 
honing and lapping. i 

he light-reflecting or light -dispersing characteristics 
of a smooth surface are misleading. 
lapped surface may appear equally smooth to the eye | 
but the serrations of the ground surface run parallel | 
to one another while those of the lapped surface run in 
whirls ; a fundamental difference in spite of ordinary 


Components, over 150 in number, were | 








Fie. 2. 
| appearance. Again, grinding may result in great 


variations in smoothness. A surface is not, therefore, 
correctly described by distinguishing it by the name 
of the method of producing it, in other words, the 
| designation of the quality of the surface should depend 
|on an absolute measurement and cannot be defined 
by the methods used. Sight and touch, as judged 
by the unaided eye and finger, depend on the personal 
element, which must be eliminated if a reliable standard 
of measurement is to be reached. Such descriptions 
}as diamond turning, grinding, lapping, etc., signify 
only a manufacturing process and not surface quality, 
and should new and more economical finishing methods 
be developed in the future, the position will be compli- 
| cated by still more terms conveying nothing as regards 
the nature of the surface produced by them. 

The report then goes on to review, briefly, modern 
finishing operations. In boring and turning, with the 
surfaces accurate and true before the final finishing 
process, present-day practice with cemented-carbide 
and diamond tools provides both a very smooth surface 
and a satisfactory tool life with fine limits of 0-0001 in. 
Thus, aluminium alloy pistons are turned to a surface 
finish of 5 to 6 micro-in. (= 0-000001 in.) with dia- 
monds or hard cemented-carbide tools, while connecting- 
rod bearings are bored on precision machines to an 
almost perfect finish and to extreme accuracy. The 
success of such machining operations does not depend 
wholly on the tool but largely on the rigidity, accuracy 
of alignment and freedom from vibration of the 
machines. The bearings and journal of the main spindle 
of diamond boring and turning machines have ground- 
finished surfaces. The grinding machine is, to-day, 
largely used in finishing operations. It can remove an 
appreciable amount of stock without departing from 
the required degree of accuracy in the work, and the 
surface finish is acceptable. It is fully automatic as 
far as the machining process is concerned, re-sharpening 
| is often done automatically, the adjustments are very 
fine and the whole operation may be learned by unskilled 
male or female labour in a week. On the other hand, 
the grinding machine is heavy, consumes much power 
and the finest finish cannot be obtained with it. 
By this last clause is meant that the percentage of the 
* bearing area” of the surfaces produced is, in some 
cases, not great enough to stand the initial wear, a 
| defect which is remedied by subsequent finishing 
| operations, such as honing and lapping. 

Honing is a process employed for removing the 
inaccuracies left by a machining or rough-grinding 
process. The diagrammatic representation of turning, 
grinding and honing shown in Fig. 1, on this page, 
indicates, at the left, the process and, at the right, the 
nature, of the surface produced by it. These latter are 
not sections of screw threads, but are conventional 
|methods of showing the differences in roughness 
|of the surface produced. The differences of surface 
| finish will be clear from a comparison of the pitch of 





A ground and a|the serrations a, and their depth 6, all the surface 


sketches being to the same scale. They are not to be 
taken as correct representations as regards contour, but 
show the relative nature of the surfaces only. It will be | 
noticed that honing employs a greater cutting surface | 

















Fig. 3. 


than either turning or grinding. The hones are of 
| abensive material, and as there are many more indivi- 
| dual abrasive grains in action than in grinding, the 
|resulting multiplicity of contacts permits low unit 
pressure over the large area in contact with the work. 
Honing is usually employed for finishing bores, and the 
path travelled by the tool consists of combinations of 
rotations with one or more longitudinal reciprocating 
traversing motions. The work may also be rotated or 
reciprocated, or both. The resultant path of the 
abrasive particles is alternately a right-handed and a 
left-handed helix, so that the finished surface has, for 
the most part, a “ cross-hatched ” appearance. Typical 
machines provide a ratio of revolutions to reciprocation 
of between 3} to 1 and 4 to 1. Surface speeds of the 
abrasive traverse range from 10 ft, to 250 ft. per 
minute, depending on the material, the amount of 
stock it is desired to remove, and the final surface 
finish. As shown in Fig. 1, the hones have outward 
radial movement, the feed mechanism including an 
adjustable limit stop to determine the precise diameter. 
Accuracy in circularity is obtained by the rotation 
of the tool, its reciprocation ensuring parallelism of 
bore, and the length of the hones accuracy in straight- 
ness. 

Lapping is a process for finishing hardened parts or 
those of material of a similar hardness, and makes use 
of a fine abrasive powder applied either by wheels or 
flat plates. The relative speeds of abrasive and work 
and of lubrication during the process are somewhat 
similar to those employed in honing. The primary 
object of lapping is to obtain dimensional accuracy at 
a lower cost than is possible by any other commercial 
process, a secondary object being fineness of surface 
finish. The motion of commercial lapping machines 
sets up paths of abrasive traverse entirely different 
from those involved in the previous operations of 
turning, grinding, etc. Of the three general types of 
lapping machines, the oldest employs laps of cast iron, 
bronze, or other soft metals, and a loose abrasive 
usually mixed with oil. The second type is a develop- 
ment of the first, but employs fine abrasive discs or 
wheels, with suitable bonding. The third type employs 
“coated” abrasives, i.¢., either ordinary sand or 
refined manufactured abrasive on paper or cloth. 
A recent development of what may be classed as a 
lapping process is known as “ superfinishing ” and is 
due to Mr. D. A. Wallace, of the Chrysler Corporation. 
Superfinish is produced by passing a coarse-bonded 
abrasive stone, suitably lubricated, under low pressure 
and with slow compound motion, the work rotating and 
the stones reciprocating. The process is applied to 
work which has been finished to the prescribed dimen- 
sions by turning, grinding, honing or lapping, and is, 
therefore, a strictly surface-finishing process. It is 
claimed that it removes the layer of free molecular 
amorphous metal created on the surface by the methods 
above-mentioned. The removal of this layer is held 
to expose the hard, undestroyed, crystalline structure 
of the metal, that is, to take off the sharp metallic 





projections left by turning, grinding, etc., which pro- 
jections may break the oil film under pressure when the 
work is actually in service. Moreover, as this removal 
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the wear Is 
considerably decreased on As 
loose material only is removed, the process is a rapid 


of 
superfinished surfaces. 


increases percentage bearing area, 


one, 
Dr. Schlesinger cites a case of motor-car practice 
in the United States in which a leading manufacturing 
firm that their do not need running in, 
because the wearing surfaces are superfinished. The 
speed-gear box is not sealed for the first 1,000 miles, 
and the cars may be driven straight away at 50 m.p.h. 
The firm state that a cylinder 34 in. bore by 4 in 
long can be superfinished in from 30 seconds to 45 
seconds, and that one of the final boring operations is 
saved. If this claim survives challenge, Dr. Schlesinger 
considers that superfinishing is economically justifiable ; 
und if the surface is not only better but cheaper to 
obtain, this refinement should meet with general 
acceptance. The degree of smoothness attained by 
superfinish on a previously turned, ground, honed or 
lapped surface on any type of metal, either in a soft 
or a hard condition, is up to 2 micro-in. R.M.S. Lapping 
will usually produce surface finishes less than 5 micro-in 
R.M.S., most good lapped surfaces reading between 
1 micro-in. and 3 micro-in Good average grinding 
wives a reading of from 10 micro-in. to 30 micro-in 
Diamond turning or facing on surfaces preparatory to 
lapping read to about 40 micro-in. to 70 micro-in. 
These readings represent the average depth between 
the crests and hollows of the serrations caused by the 


assert cars 


various processes, and, therefore, represent the degree 
of smoothness of the surface. These serrations are by 
no means as uniform and regular as indicated conven- 
tionally in Fig. 1, but are of very irregular contour, 
both as regards the shape of individual serrations and 
their pitch. The reading is obtained by averaging the 
depth shown on a very greatly enlarged cross-section, 
much in the same way as the mean pressure is deter- 
mined on an indicator card. Modern practice, however, 
departs in one important particular from ordinary 
routine of this kind, and this practice is indicated by 
the letters R.M.S. used above, these letters denoting 

root-mean-square.”’ Instead of adding the ordinates 
and dividing the total by their number, each ordinate 
is squared, the squares added, the total divided by the 
number of ordinates, and the square root of the figure 
thus obtained is taken. The result is stated to give a 
more correct average than is furnished by the common 
method of the arithmetical mean. The 
serrations by boring, turning, grinding, 


obtaining 
pre duced 


milling and planing are parallel, since there is a definite | 


connection between speeds and revolutions. Honing, 
lapping and superfinishing, on the other hand, create 
serrations in intersecting helices or other non-parallel 
paths, and these serrations, through the resultant inter 
ference, are less in depth, so that the surface is smoother 
and the percentage of bearing area is considerably 
increased E 

The report proceeds to discuss the questions of a 
measuring unit and of symbols on drawings. Various 
existing methods of signifying the degree of finish are 
illustrated but the symbols shown are, we believe, 
little used in Great Britain. This state of affairs 


very 

strengthens the argument for defining the degree of 
finish by a unit that can be generally accepted. At 
present, the symbols may call for a comparison of the 
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surface by sight or by touch, using a standard surface 


for reference ; but, however, such signs are interpreted, 


they are subject, in no small degree, to the personal | 
is desirable that there | 


It 


RC ale 


of the 
be a 


opinion inspector, 
should standard for measuring surface 
finish and that the unit should be in terms of a standard 
measurement such as a unit of length. With such a 
seale, surface finish could be defined in universally 
understood terms and the exact requirement for a 
particular purpose could so specified that the 
economic waste of producing surfaces smoother than 
could eliminated. The symbols on a 
drawing relating to such a scale must be easily under- 
stood by the ordinary draughtsman and also by the 
operator in the workshop; small, so that they do 
not take up too much space on a drawing of a part 
having a number machined surfaces ; identified 
by English names or, preferably, by numerals; and, 
finally, they must be such that the limits of roughness 
and smoothness can be specified. Other problems, more 


be 


necessary be 


‘ 
oi 


readily solved when a more complete knowledge of the 
- | 


exact nature of surface finishes has been 
purposes such as long life, resistance to wear, retention 
of lubricants, etc., and the effects of coatings such as 
plating, enamelling and painting. 

The next subject is a description of certain instru- 
ments, used in connection with surface smoothness, 
which have been lent to the Research Department by 
British firms. The account does not set out to deal 
with all types of instruments available. To enable 


precise measurements of surface finish to replace the 
estimates formed either by visual inspection or by 
touch, 


reliable instruments are required, such as 


attained, | 
inelude the types of surfaces most desirable for specific | 
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use by ordinary workmen and 
Accurate instruments are needed 
The 


for 


suitable 
workshop inspectors. 
also in the tool room for checking purposes. 
instruments at present on the market fall into three 


will be 


classes, namely, (1) optical, including microscopes, 
which can be used as comparators or for measuring 
purposes ; (2) instruments based on mechanical touch. 
Microscopes show at a glance the variation from or 
correspondence with the surface of the work and a 
standard reference surface, enlarged views of both 
surfaces appearing side by side and without or with a 
dividing line in a common eyepiece. No actual measure- 
ment is made by this method. 

The instrument shown in Fig. 2, page 343, is a Busch 
comparison microscope. It can be used in the work- 
shop by persons not trained in microscopic work, and, 
by using four different eyepieces and three objectives, 
magnifications between 15 times and 200 times are 
possible. Experience has shown that the best results 
are obtained with magnifications between 18 times 
and 50 times, the field of view covering an area of the 
surface under inspection sufficient to give a true 
representation of its nature. The light source 
built-in and ensures an illumination such that cylin- 
drical or curved specimens appear in the eye-piece 
as a flat field. Minute imperfections in the quality 
of the surface become apparent. The Higgins Compara- 
scope is a light portable instrument designed for shop 
|use both by inspectors and inexperienced machine 
operators. A single bulb illuminates both the work 
and the standard surface. The magnification is 
constant, viz., 26 times, and the focus is automatic, 
whether the work is round or flat and of any size. 
| The instrument is pressed on the surface to be compared 
| until the alignment bars assume their correct position. 
The standard for comparison is clamped to the side 
|of the tube. Another adaptation of the microscope 
is the Busch Metaphot shown in Fig. 3, page 343. 
The specimen is placed on an adjustable table, with 
the surface to be inspected facing downwards. Light 
passes through a hole in the table and the surface is 
| then visible through the eyepiece or projected, with 
magnification, on to a screen below the eyepiece, the 
image being reflected on the screen by a mirror. A 
permanent record of the surface can be obtained by 
| replacing the screen by a photographic plate. An 
ordinary bright-field illuminator can be used or a 
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device which provides either a bright field or a dark 
tield. : 

Since the camera has a fixed extension, the magnifi- 
cation of a photo-micrograph depends on the initial 
magnification of the objectives and eyepieces, of which 
a large number are provided for close steps of magnifi- 
cation between four times and 850 times. In using the 
instrument, considerable experience is necessary in 
comparing the work with the standard test piece, and 
for this reason the ordinary workman will have to 
depend finally on the inspector for judgment of surface 
finish. An extension of this method is to have a large 
screen in the inspection room for the projection of 


enlarged images of both work and test piece. There is | 


reason to believe that the different grades of surface 
finish would be so clearly distinguished that standards 
of finish could be formulated. An advantage of the 
method is the marked decrease of fatigue involved. 
It is considered that an inspector could retain his 
accuracy even if he worked seven or eight hours per 
day, since both eyes would be in use; whereas, with a 
microscope, in which only one eye is used, fatigue soon 
causes considerable inefficiency. An advantage of the 
photographic method is that, once a photograph showing 
the desired finish is obtained, duplication is readily 
effected, with the resultant production of as many 
identical standards as may be desired. One of the 
important parts of the investigations undertaken by 
the Research Department will be to assess the value 
of this method of surface inspection. It may be noted 
that, although the instrument described above is of 


foreign origin, similar types are manufactured in this | 


country, e.g., the Vickers projection microscope, made 
by Messrs. Cooke, Troughton and Simms, York. 
The use of the microscope in combination with a 


scale makes it possible to measure surface finishes | 


and not merely to compare them by appearance. 
Such an instrument is illustrated in Figs. 4 to 7, 


opposite, and is known as the Zeiss-Schmaltz surface | 


tester. It consists of a microscope tube and a lighting 
tube, both inclined at 45 deg. to the surface to be 


tested and, therefore, at right angles to each other. | 


The light source is an 8-volt, 6-ampere lamp, the beam 
of which is projected through a narrow slit on to the 
work. Both the beam and the microscope have focuss- 
ing adjustments. There is one eyepiece and three 
objectives. 
of the tool marks is mounted on a slide with micro- 
meter adjustment. A hair line, as shown in Fig. 5, 
is first set to the crests of the marks and is then moved 
to the roots, the displacement being noted on the 
micrometer drum scale, the movement of which is at 
an angle of 45 deg. to the centre lines. The principle 
of operation is clearly shown in Figs. 6 and 7, The 
image seen through the microscope is an optical cross 
section of the surface of the work, i.e., a view looking 


along the line of the tool marks, but it is at an angle of | 


45 deg. The actual depths of the tool marks is, 
therefore, the observed depth divided by 4/2. For 
normal use in inspection, the lighting and magnifying 
unit is mounted on a heavy column which enables it 
to be adjusted to suit work of various heights. For 
workshop use, either on a bench or a machine, a portable 
form is available and the instrument can be used for 
cither flat or cylindrical work. 

An instrument for the inspection of surface finish 
by touch is the Abbott profilometer, the principle of 
which is illustrated in Figs. 8 to 10, opposite.* It is 
portable and is designed for factory use in measuring 
and obtaining final surface finish for daily production. 
The instrument consists of a hand-operated tracer, 
which is moved over the work, and a case containing 
the electrical parts. The tracer is carried on three skids 
or slides arranged in a triangle in plan, the actual 
tracing point being situated between two of these 
points. A diagrammatic lay-out of the electrical 
cireuit is shown in Fig. 8. The tracer has a diamond 
point, which, as seen in Fig. 9, is mounted on a spindle 
carrying a very small coil, which moves in the field of a 
permanent magnet. The movements of the diamond 
point and coil cause electrical oscillations, which, when 
appropriately amplified, actuate a cathode-ray oscillo- 
graph, as indicated in Fig. 8. In order to measure 
roughness, it is necessary to establish a reference plane 
against which measurements may be made without 
showing the effect of waviness of the surface generally. 
This is the function of the skids, which, it will be evident 
from Fig. 10, are sufficiently small to ride up and down 
on the hills and valleys of the waviness, but will not 
sink into the smaller valleys of the roughness. For 
general use, the skids have a radius of } in., but a lesser 
radius is more suitable for small holes or on surfaces 
with relatively small radii of curvature, since the sur- 
faces therein involved are nearly always more free 
from waves. The skids are made of a special type of 
cemented carbide which is very hard and capable of 
taking a high polish. Wear is negligible. The diamond 
tracing point, of course, is always independent of the 
pressure exercised by the hand of the operator. 


* See ENGINEERING, vol. 147, page 699 (1939). 


The eyepiece for measuring the depth | 
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The profilometer circuit indicated in Fig. 8, between 

a pair of amplifiers, may be readily adjusted to give 
magnifications of from three times to 3,000 times, 
| in order to meet varying degrees of surface roughness. 
The readings of the instrument are in micro-in. R.M.S. 
and represent a running average of the height of the 
surface irregularities ; the automatic averaging feature 
is one of the principal advantages of the profilometer. 
For visual observation, an oscillograph screen can be 
used and the contour can be recorded photographically 
| by suitable synchronisation of tracer speed to film 
| speed. The instrument is portable and is contained 
in a wooden case. The total weight is approximately 
50 lb. The actual instrument used in the Research 
Department was arranged for hand operation and the 
| readings were made from the normal dial, visual 
contour on an oscillograph screen not being resorted to. 
In all cases ten readings were made on the same surface 
and the results averaged. To eliminate the personal 
equation the operator and his assistant frequently 
changed places in the tests. 

Another instrument employing touch for surface 
finish is the Shaw Contorograph, shown diagrammati- 
cally in Fig. 11, opposite. The work is carried on a 
table, and a tracer needle is moved over it in a straight 
line. The diagrammatic drawing shows that the 
lever carrying the tracer needle is hinged, by means of a 
flat spring, at the end remote from the needle. The 
needle therefore moves in an are in the vertical piane 
and follows every detail of the vertical contour. A 
beam of light is directed downward on to a mirror 
inclined to the horizontal and from thence is reflected 
on to a mirror pivoted on a vertical axis, the angle of 

| which is altered by the movement of the tracer- 

needle lever. The beam thus impinging on the moving 
mirror is reflected to a concave mirror which reflects 
| it first to the moving mirror again, then to the mirror 
| below the light source, then upwards to a mirror near 
the light source, whence it is reflected on to a screen of 
sensitised paper. This screen is identified in the illus- 
tration by a curve indicating the degree and nature of the 
surface roughness, The needle lever is carried in a 
tube which is supported in the frame and has also a 
supporting finger which rests on the work near the 
needle but which does not, of course, interfere with the 
vertical movement of the needle. The whole unit 
of tube, light and mirrors is given horizontal traverse 
by a small motor over the work, the casing remaining 
stationary. To make a traverse, which takes about 
3 minutes for a full stroke, the motor is engaged by 
hand, but it stops automatically when the diagram is 
completed. The instrument, by reason of the sliding 
tube, can be used for examining a bore. Since the 
optical system is entirely enclosed, a photograph can 
be taken in the light and afterwards transferred to a 
dark-room for extraction and development of the nega- 
tive. The contour of the surface is, of course, greatly 
magnified, the vertical magnification being 2,000 times 
and the horizontal magnification varying between 
50 times and 150 times. Experience has proved that 
instruments for measuring surface finish must give 
| greater magnification in the direction perpendicular 
to the surface than in that parallel to the surface. 

The report concludes by pointing out that all the 
necessary means, both optical and mechanical, for 
measuring and comparing surface finishes, are available 
to-day, but economical methods for this assessment 
of finish are still to be arrived at. When they are, 
since methods for producing fine finishes are also in 
existence, it will be possible to define the limits of 
surface quality required on any component, and more 
precise control of surface finish will lead to more 
accurate assessment of production costs. The Research 
Department began its work early in September, 1939, 
and up to the present some 300 surfaces have been 
measured with different instruments. It is advisable to 
bear in mind that the report summarised here is 
only a preliminary one and that the final report will 
give more definite conclusions and results. 

It may be noted, however, that Dr. Schlesinger has 
visited and conferred with the National Physical 
Laboratory on the subject of the research, and has 
been made acquainted with the work being done there 
and with the methods employed. An instrument has 
been developed at the Laboratory which gives a 
numerical index of the surface finish of rolled materials, 
such as metals and plastics. The instrument measures 
photo-electrically the ratio of the specularly-reflected 
light to the total reflected light. This ratio increases 
from zero for perfectly matt surfaces to one for per- 
fectly smooth surfaces, and the two measurements 
required to evaluate it occupy something like a minute 
only to make. It is believed that it will ultimately 
be possible to modify this instrument so that it may 
be applied to- both internally and externally curved 
surfaces. Other instruments for recording surfaces 
irregularities, designed at the Laboratory, include one 
employing combined mechanical and optical magni- 
fication to give a record of a cross-section of the 
surface with a magnification of 10,000. It may be 


mentioned here, moreover, that an instrument, made 
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at the Laboratory, using a point-to-point mechanical 
method for measuring the roughness of journals, was 
described and illustrated in ENGINEERING, vol. 139, 
page 325 (1935). It has been arranged that appropriate 
samples already checked in the Research Department 
at Loughborough shall be sent to the National Physical 
Laboratory for re-checking by means of the instru- 
ments used there. The Research Department will 
keep in close touch with the National Physical Labora- 
tory, so that overlapping in connection with work on 
the subject of surface finish may be avoided. 








THE CORROSION OF METALS.* 
By Prorgssor O. P. Warts. 

Or the several theories advanced regarding the 
mechanism of the corrosion of metals, the electro- 
chemical theory is the sole survivor. Many adherents 
of the electrochemical theory of corrosion hold that, 
for a metal to corrode in any electrolyte, either there 
must be a difference in potential between points on its 
surface, or there must be, in contact with the metal 
and electrolyte, some more noble electrical conductor, 
so that the metal shall constitute the anodic member 
of a galvanic cell. Others believe that the existence of 
a galvanic cell is not a necessary pre-requisite to 
corrosion. In its field, the relation between flow of 
current in electrolytes and the amount of accompanying 
chemical change, Faraday’s law appears to be as 
inviolable as is the law of gravitation in the physical 
world. For application to corrosion Faraday’s law 
may be stated as follows :—The total of chemical 
change at the anode, where metals ordinarily enter 
solution, equals that at the cathode, and—at each 
electrode—is proportional to the current, to the time, 
and to the chemical equivalents of the substances 
concerned. The chemical changes which occur at 
cathodes as a result of the passage of current are :— 
(a) reduction in valency of some metal already in 
solution, e.g., the reduction of a ferric to a ferrous 
salt ; (b) deposition of a metal; and (c) deposition of 
hydrogen. A metal can corrode, then, only when 
accompanied by one, two or all three of these cathodic 
changes, the total of which must be chemically equiva- 
lent to the amount of metal that corrodes. 

From Faraday’s law the author derives four types of 
corrosion :—-(I) corrosion by reduction in valency of 
some metal already in solution, without displacement 
of any cations from the electrolyte—e.g., the corrosion 
of copper and iron in a solution of ferric chloride ; 
(II) corrosion by displacement of a metal—e.g., the 
corrosion of iron by a solution of copper sulphate ; 
(IIL) corrosion by visible displacement of hydrogen, e.g., 
the corrosion of commercial zinc or iron in dilute 
sulphuric acid ; (IV) corrosion by oxygen depolarisa- 
tion, e.g., copper in dilute sulphuric acid. Every case 
of corrosion of a metal is the result of chemical changes 
of one or more of these types. In corrosion of type (IV), 
the potential of the metal is less than the discharge 
potential of hydrogen on it. Metal begins to corrode, 
when placed in the electrolyte, by displacing its equiva- 
lent in hydrogen, but before enough hydrogen for visi- 
bility has been deposited, the rising polarisation (oppo- 
sition to further deposition of hydrogen) equals the 
potential of the metal, and corrosion must cease until 
some of the polarising hydrogen is removed from the 
metal surface. This is accomplished by its combination 
with oxygen from the air dissolved in the electrolyte. 
The metal, therefore, continues to corrode at a rate 
just sufficient to replace the hydrogen so removed. 
Corrosion of Type (1).—Corresion of type (1) is of rare 
occurrence for two reasons :—Firstly, solutions of ferric 
salts are the only corrosive agents likely to be en- 
countered which produce this type of corrosion, and 
these are rarely met industrially ; secondly, this type of 
corrosion is so destructive upon the common metals 
that it cannot be suffered to proceed, and the conditions 
producing it are remedied promptly. ‘ 
Corrosion of Type (I1),—When zine is immersed 
momentarily in a solution of nickel sulphate, a dark, 
poorly-adherent film of nickel is deposited on the zine. 
If iron or steel is immersed for a few seconds in a 
dilute solution of copper sulphate, the metal is coated 
with copper. Platers refer to this as “ plating by 
immersion.” The action is corrosion of type (II), the 
displacement of a metal from solution by the corrosion 
of @ more active metal. If the process is allowed to 
continue for a considerable time, exposed portions of 
the metal underlying the deposit are corroded and the 
resulting plate is easily rubbed off, even if it does not 
become detached by the corrosion process itself. If 
allowed to continue, the original metal may be com- 
pletely destroyed. 

The opinion is frequently expressed that copper, 
silver, and other metals toward the platinum-end of the 
electrochemical series, have an inherent tendency to 





* University of Wisconsin, Engineering Experiment 
Station Bulletin No. 83. Abridged. 
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deposit from solutions of their salts. In attempts to 
verify these statements concerning this tendency for 
copper to deposit, a sheet of copper immersed in copper 
sulphate lost weight, instead of gaining. A sheet of 
copper of 12-5 sq. em. in total surface was immersed 
in 100 ce. of normal copper-sulphate solution with 
33 sq. em. of liquid surface exposed to the air. In 
30 days the copper had lost 51-5 mg., in spite of the 
alleged tendency for copper to deposit from solution. 
To 150 ee. of the above electrolyte six grammes of 
citric acid were added to prevent the formation of the 
film the at the of the 
previous experiment. In 32 days a sheet of copper 
| in. square lost 144 mg. in this electrolyte. 

Eleven years ago pieces of polished copper wire 
were in de-aerated normal sulphuric acid ; 
to-day the copper retains its original polish and the 
icid is still colourless. One tube was left unsealed. 
lhe wire in this has completely disappeared, the liquid 
has evaporated, and only a pale blue salt of copper 
remains, A tiny crack appeared in the glass seal of 
inother tube. The liquid in this is now a deep blue, 
the wire is badly corroded, and crystals of copper 
sulphate have formed in the bottom of the tube. The 
crack was too tiny to permit appreciable evaporation 
of water, but admitted enough air to produce consider- 


whi h covered copper close 


sealed 


thle corrosion, Four strips of copper, measuring 
i) em. by | em., completely polished, except that two 
specimens were roughened by fine emery paper on 
one side, were sealed in air-free normal copper-sulphate 


solution for a year. Upon removal, the original weights 
of the specimens checked within 0-1 mg. and 0-2 mg. 
From this it inferred that neither corrosion nor 
deposition of copper takes place normal copper- 
suiphate solution in the absence of free oxygen. 
Thinking that the removal of depolarising oxygen 
and the provision of a platinum surface for the reception 
of copper might reveal this “ tendency for copper to 
deposit,”’ a short platinum wire was clamped to a sheet 
of and the in air-free, 
normal copper-sulphate solution. In a second experi- 
ment the solution was slightly acidified by sulphuric 
wid. No deposit of copper has appeared on either 
platinum wire in three months. The explanation for 
this failure of copper to deposit from solution, even on 
platinum, found in Faraday’s law, which is as 
inviolable for the deposition of metals from solution as 
for their Metals cannot “ just step out of 
solution,” but their withdrawal must be accompanied 
by one or more anodic changes, with a total strictly 
equivalent to the amount of metal deposited from 


is 
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copper, combination sealed 
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corrosion. 


solution 

Corrosion of Tupe (111).—Ut is by inciting this type of 
that impurities in a metal or contact with 
inother metal is most likely to do damage. Whenever 
the potential of a metal exceeds the discharge potential 
impurities in it, or on 


corrosion 


of hydrogen on itself. on any 
nother 
it, corrosion of type (ILL) will occur. The rate of corro- 
sion generally increases with the concentration of acids, 
except that for very high concentrations of sulphuric 
wid, for example, diminished solubility of the salt 
formed may have a restraining effect. Rise of tempera- 
ture increases It is evident that 
impurities having a very low discharge potential of 
hydrogen, and contact with another metal of low 
discharge potential, may add to corrosion of type (IV) 
the far more rapid type (IIT). Corrosion of this type is 
generally so rapid that it cannot be allowed to proceed 
for long 

Carrosion of Type (71). Although corrosion of the 
other three types is far more rapid than that represented 
by type (LV), the latter is probably responsible for the 
major part of the destruction by corrosion of articles 
made of metals. On account of the rapid attack, by 
corrosion of types (1), (IT) and (ILL) exposure of metals 
under conditions which permit these types is necessarily 
of short Since contact with moisture and 
oxygen are sufficient to incite corrosion of type (IV), 
its occurrence is practically universal, except as these 
corrosive agents are excluded from continued contact 
with metals by paint, enamel, etc., or by the formation 
of a protective film of corrosion product over the 
surface of the metal. The rusting of iron and steel is 
an example of this type of corrosion. 

Studies in the corrosion of metals in aqueous solutions 
of acids, bases and salts lead to the conclusion that. 
when no visible liberation of hydrogen occurs, metals 
are in practical equilibrium with displaced hydrogen. 
When immersed, the metal begins to dissolve with 
displacement of its equivalent in hydrogen; this 
process continues until the concentration of hydrogen 
is such that there remains no point on the metal surface 
at which the solution pressure of the metal is capable 
of displacing another atom of hydrogen. The metal is 
then polarised, to the common term, and no 


usually corrosion 


duration 


use 


further dissolving of metal and deposition of hydrogen 
can take place until some of the polarising hydrogen 
Oxygen dissolved in the electrolyte from 
the air combines with the polarising hydrogen, and 
the ) 


is moved 


metal corrodes just fast enough to replace the 


metal or electrical conductor in contact with | 
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hydrogen thus removed. This process is termed 
‘corrosion by oxygen depolarisation.”” In support of 
this, the following phenomena are cited: (a) the 
corrosion of metals by oxygen depolarisation ; (6) the 
effect of addition of oxidising agents on the corrosion 
of copper, silver, and several other metals by sulphuric 
acid, and the corrosion of iron and zinc in solutions of 
sodium and potassium salts ; (c) the corrosion of iron 
in a solution of zine sulphate without displacement of 
the zinc ; and (d) the gradual change in potential of a 
platinum cathode in dilute sulphuric acid without 
visible hydrogen, as the e.m.f. between it and a platinum 
anode is increased by small steps ; and (e) the pheno- 
menon of “ residual current.” 

Faraday’s law must apply to both residual current 
and the momentary “ polarising current.’’ The corro- 
sion of zine, iron, copper, etc., in solutions of non- 
oxidising sodium salts is determined by the presence 
of atmospheric oxygen in the electrolyte. If this is 
removed and kept out, corrosion does not occur. The 
same is true of copper and silver in dilute sulphuric acid. 
To account for this type of corrosion there would 
seem to two alternatives: either hydrogen is 
initially present on the metal surface, and oxygen 
merely removes some of it ; or none of the metals which 
corrode by oxygen depolarisation is capable of displacing 
even a single atom of hydrogen, except when oxygen 
is present. The phenomena of (c) and (d), above, cause 
the writer to choose the first alternative (a) as agreeing 
better with the known facts of electrolysis and corrosion. 

Corrosion by oxygen depolarisation is supposed 
to be due to a slow removal of a polarising film of 
hydrogen from the metal surface by its combination 
with oxygen dissolved in the electrolyte from the air. 
Its removal by any other means should cause the metal 
to corrode, provided the method of removal does not 
cause a protective film to form on the metal. A sheet 
of copper having a surface area of 40 sq. cm. was 
immersed in semi-normal sulphuric acid for 31 days, 
under the vacuum of the laboratory filter pump. The 
loss by corrosion was 7-9 mg., instead of about 165 mg. 
when the electrolyte was left open to the air. Iron of 
the same size, submerged in de-aerated sea water under 
vacuum for 21 days, lost only 1-4 mg. These losses 
are about 3 per cent. of the corrosion in the same 
electrolytes when open to the air, and do not indicate 
any effective removal of hydrogen from the metal 
surface by a vacuum. That a vacuum did not greatly 
stimulate corrosion is not proof of the non-existence of 
the alleged hydrogen film. The very low solubility 
of hydrogen in water may be responsible for so slight a 
stimulation of corrosion by a vacuum. 

In an article published in 1933, in Chemistry and 
Industry, Bengough states that iron and steel * fully 
immersed in sea water beneath air may owe from 10 per 
cent. to 60 per cent. of its corrosion to this mechanism,” 
to evolution of hydrogen gas. In experiments 
by the writer, iron alone and also coupled with brass, | 
copper and Monel, was sealed in air-free normal solu- 
tions of sodium and ammonium chlorides for periods 
of 100 days to 250 days without visible evidence of 
corrosion, hence in these cases hydrogen was not 
displaced. In another experiment a special gas 
apparatus was used, consisting of two vertical glass 
tubes connected near their bottoms by a cross tube. 
A strip of iron was hung in one tube opposite the cross 
tube, and the apparatus filled with air-free semi-normal 
sodium-chloride solution. The apparatus was inclined 
so that air bubbles, which were continuously passed 
up the other tube, could not enter the cross tube, but 
by diffusion would supply air to the whole electrolyte. 
The iron rusted, but no gas collected in 177 days. In 
four separate test tubes, pieces of Armco iron were 
sealed in semi-normal sodium-chloride solution, air-free. 
No gas collected in 115 days. It would seem that the 
hydrogen found by Bengough in the corrosion of iron, 
in sodium-chloride solution containing oxygen, must 
have come from some other reaction than the direct 
displacement of hydrogen gas by the iron. 

Not only may contact between two different metals 
in electrolytes increase the rate of corrosion of one 
member of the galvanic couple thus formed, but such 
contact frequently lessens corrosion of the other member 
if this was corroding before contact was made. A 
square inch of sheet copper in semi-normal sodium 
sulphate, open to the air, lost 11-8 mg. in seven days. 
A similar sheet of copper coupled with an equal sheet 
of iron lost only 0-9 mg. 

When two different metals are connected and 
immersed in an electrolyte from which hydrogen is 
evolved on only one of them, whether hydrogen appears 
on the anodic (less noble), or on the cathodic metal, 
depends on which has the lower discharge potential 
of hydrogen, and not on which of the pair is the cathode 
of the galvanic cell constituted by the two metals and 
electrolyte. The same condition holds when two metals 
in contact are made the cathode in an electrolyte 
from which there is no evolution of hydrogen on merely 
immersing the couple. When the e.m.f. between the 
pair as cathode and a platinum anode is slowly raised, 
current flows to both members of the cathode and 
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hydrogen is deposited on each metal, although, for a 


time, no hydrogen is visible on either. Hydrogen is 
first seen on the metal on which the discharge potential 
of hydrogen is the lower, regardless of whether this 
metal was initially the anode or cathode of the pair. 

Corrosion by Displacement of Cations other than 
Hydrogen.—Faraday’s law holds true regardless of 
whether anode, cathode, or both consist of the purest 
metals yet obtained, or of a combination of two different 
metals. No alteration in composition of anode or 
cathode alters the equality of the totals of anodic 
and cathodic chemical changes. Putting graphite 
or platinum in contact with the purest zine or iron 
does not permit either of these metals to dissolve. 
except by displacing its chemical equivalent in a metal 
or hydrogen, or by producing a lowering in valency 
of some metal already in the electrolyte, equivalent to 
the metal dissolved. 

Pure Metals versus Galvanic Couples in Corrosion.— 
Corrosion of metals and flow of electric current are 
frequently associated phenomena. Many metals can 
be made to corrode by passing current from them into 
suitable electrolytes. From these circumstances the 
majority of students of corrosion appear to have 
concluded that flow of current is always the cause of 
corrosion, and that corrosion is never the cause of the 
associated electric current—and this in spite of the 
thousands of dry cells in daily use, in which corrosion 
of the zine is the source of the energy represented in 
the flow of current. This misconception of the cause- 
and-effect relation between current and corrosion has 
resulted in a belief, quite generally held, that a differ- 
ence in potential between points on the metal surface, 
or between the metal and some other electrical conduc- 
tor in contact with it, is a necessary pre-requisite to 
corrosion. W. Blum* states that “ according to the 
electrolytic theory, which I am not defending, but 
simply assuming for purposes of illustration, there 
can be no corrosion except as there is a difference of 
potential between two parts of the surface, due either 
to an initial difference in composition, in physical 
condition, or in the surrounding medium.” U. R. 
Evanst states that an essential condition for the 
setting up of electrochemical corrosion is some depar- 
ture from uniformity. Again, W. Palmacr{ states that 
it now seems justified to express the opinion that an 
absolutely pure metal possessing an absolutely homo 
genous surface would not be dissolved by acids. 

There are a few dissenting voices raised in opposition 
to this chorus acclaiming the necessity for impurities 
in metals or formation of a galvanic couple by contact 
with another meta!, or by other means, as a pre- 
requisite to corrosion. For example, W. 1D). Bancrofts 
states that, “‘ since differences of homogeneity will tend 
to cause local voltaic cells and will therefore tend to 


| eause corrosion, the natural corollary is that the most 


homogeneous metal will corrode least rapidly if other 
things are equal. This is absolutely sound ; but some 
people then assumed, perhaps unconsciously, that 
other things are equal and that therefore the most 
homogeneous metal will corrode the least rapidly. 
This assumption is quite unwarranted by the facts, 
and yet people have gone farther than this, Bengough 
and Stuarti} declaring that, according to the electro 
lytic theory of corrosion, an ideally pure and homo- 
geneous metal is assumed to be incorrodible. While 
some upholders of the electrolytic theory of corrosion 
have said things like this, no chemist would claim that 
a pure and theoretically uniform piece of sodium would 
not be attacked by water. In like manner, every 
chemist would admit that copper would be corroded 
by concentrated nitric acid containing nitrous acid, 
regardless of how pure or uniform the copper was.” 
Further, F. N. Speller,q states that “the corrosion 
occurring when dissimilar materials are in contact 1s 
| often spoken of as ‘ galvanic action.’ This is generally 
due to the popular but erroneous conception that the 
electric current, existing under conditions of galvanic 
action, causes the corrosion. As a matter of fact. 
the current is the result of the corrosion taking place.”’ 

So far as the author has observed, this common 
belief that the corrosion of metals is due to galvanic 
couples has its origin in the behaviour of zine in non- 
oxidising acids. A list of the potentials of metals 
shows that the potential of zine exceeds the discharge 
potential of hydrogen on every metal except in the 
lease of amalgamated zinc. The very slow attack of 
chemically-pure zinc by dilute sulphuric acid shows 
that the discharge potential of hydrogen on zinc from 
the acid is practically equal to the potential of the 
metal. It follows from this that removal of iron. 
graphite, etc., from commercial zinc must lessen the 
rate of attack by non-oxidising acids. From this cir- 
| cumstance it has rashly been concluded that removal 

* Trans. Electrochem. Soc., vol. 52, page 432 (1927). 

+ The Corrosion of Metals, page 68, ed. of 1924. 

+ The Corrosion of Metals, vol. 11, page 194 (1931). 
| § Ind. Eng. Chem., page 17 (1925). 
Jour. Inst. Met., vol. 54, page 28 (1922). 
© Corrosion, page 189, ed. of 1935. 
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of impurities from other metals will have a similar 
effect on their corrosion, and that, if all impurities 
could be removed, and differences of potential due to 
differences in concentration of the electrolyte, of 
oxygen dissolved in it, and other causes of non- 
uniformity be excluded, all corrosion of metal must 
cease. 

Unfortunately for this belief, the behaviour of 
zinc, as the more noble impurities in it are removed, 
cannot be duplicated for most other metals. Also, 
this effect of removal of impurities on the rate of 
corrosion of type ITI is not followed for the same speci- 
men of zine in regard to the other three types of corro- 
sion. In corrosion of type I, removal of noble impuri- 
ties from a metal would seem to be able to reduce the 
rate of corrosion only to the extent by which such 
removal might lessen the surface of the specimen which 
is exposed to the electrolyte. The instant deposition 
of copper all over a piece of iron or steel immersed in a 
solution of copper sulphate, indicates that this action is 
independent of any impurities which may be present, 
and that the pre-existence of galvanic couples in the 
metal itself is entirely unnecessary for corrosion of 
type II. In regard to type IV, it has been shown that 
for two metals in contact, deposition of hydrogen and 
depolarisation by oxygen dissolved in the electrolyte 
occur at the surface of the anodic metal, in addition to 
taking place at the cathodic or more noble member of 
the couple. Here, too, the presence of noble impurities 
in the metal is unnecessary in order that corrosion may 
occur, 

Only when the corrosion of a metal is entirely of 
type IIT can the breaking of contact with a nobler metal 
or the removal of all nobler impurities in the metal 
itself, possibly stop corrosion in electrolytes open to the 
air. Corrosion of types I, II and IV, if they are 
occurring, will continue in spite of removal of all 
impurities from the metal, and of differences in tem- 
perature, concentration, etc., of the electrolyte. In 
so far as corrosion of type IV is concerned, the author 
believes that hydrogen is displaced on the anodic as 
well as on the cathodic member of galvanic couples, 
and that a unit of surface on the anodic metal contri- 
butes to oxygen depolarisation quite as effectively as 
does an equal area on the cathodic member of the 
couple. To avoid misunderstanding of terms, the 
author calls attention to the distinction between 
the mere deposition or displacement of hydrogen on a 





metal, and the continuation of this process until the 
surfaces of contact of metal and electrolyte become 
so saturated with hydrogen that this is evolved as 
visible gas. 

Conclusions.—If corrosion is electrochemical in 
nature, as is now generally believed, it should be possible 
to slow down or even prevent corrosion, by suppressing 
either the anodic or cathodic half of the complete 
electrochemical reaction. Examples of restriction of 
corrosion at the anode are seen in the corrosion of lead 
by dilute sulphuric acid, of silver by hydrochloric acid, 
and in the passivity of iron. Partial suppression at the 
cathodic end of the reaction is seen in the effects of 
inhibitors on the corrosion of iron in dilute sulphuric 
acid, and of amalgamation on the rate of corrosion of 
commercial zinc by dilute sulphuric or hydrochloric 
acid. Chromium plate owes its permanent brilliance 
under atmospheric exposure to a protective film 
formed by incipient oxidation of the metal. Alumi- 
nium is far more active chemically than iron, zinc or 
even chromium, and is capable of decomposing water 
when really in contact with it. Most of the present 
uses of aluminium are possible only because of the 
adherent and durable film of oxide which covers it. 
The real chemical activity of aluminium and chromium 
is shown when these metals are placed in concentrated 
hydrochloric acid, which is capable of dissolving the 
protective oxide films. Chromium plate is quickly 
dissolved and the corrosion of aluminium is not merely 
rapid, but violent. Silicon is another active element 
that owes its stability in contact with the atmosphere 
and moisture to a film of oxide on its surface. This 
ability of chromium and silicon to form protective 
films is utilised in the corrosion-resistant alloys, stain- 
less steel and Duriron. 

The vigorous corrosion of copper and silver by strong 
nitric acid, in contrast to their very slow corrosion in 
sulphuric acid of equivalent strength, is due to the 
fact that the former is both an acid and a powerful 
oxidising agent—a depolariser for hydrogen. Since, 
in the corrosion of galvanic couples consisting of two 
different metals in contact in an electrolyte, the 
displaced metal or hydrogen is deposited on the anodic 
metal itself in addition to being deposited on the 
cathodic member of the couple, cathodic impurities 
in metals are entirely unnecessary to corrosion, however 
much their presence accelerates corrosion in certain 
special cases. All that a metal needs in order that it 
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may corrode is the presence in the electrolyte of either 
hydrogen ions or some metal ions which it is able to 
displace from solution. Grant this, and corrosion 
occurs; deny it, and (except for type I) corrosion 
cannot take place in a day, a year, or a century. 








THE RAWLPLUG ELECTRIC 
HAMMER. 

Tue drilling or jumping of holes by hand to receive 
the well-known fibre Rawlplug or other forms of the 
firm’s anchorage devices is easily effected where only 
a small number of holes is required, but where large 
quantities of plugs, etc., are to be installed some 
more rapid method is desirable. To meet this demand, 
Messrs. The Rawlplug Company, Limited, Rawlplug 
House, Cromwell-road, London, 8.W.7, have developed 
the handy electric hammer illustrated in Figs. 1 and 2, 
accompanying. The hammer will drill holes in hard 
material up to and including % in. in diameter, an 
indication of the speed of drilling being given by the 
fact that in such material a hole } in. in diameter by 
2 in. deep can be drilled in about half a minute. As 
shown in the external view, Fig. 1, the hammer is 
provided with a grip handle containing a switch, and, 
as the casing is of die-cast aluminium, the weight is 
such that it can be manipulated by one hand. The 
power supply is by means of a three-core tough-rubber 
flexible cable, the third wire being provided for earthing. 
The motor has a universal winding suitable for use on 
either alternating current or direct current. The rotor 
speed is approximately 4,500 r.p.m., and the current 
consumption about 170 watts, which, when the hammer 
is in continuous use and the power is supplied at 
ld. per unit, makes the running cost about one-sixth 
of a penny per hour. 

The constructional details of the hammer are shown 
in Fig. 2. The rotor spindle is mounted in a plain 
bearing at the bottom and a ball bearing at the top, 
a fan being carried on it just below the latter. A 
grooved driving pulley is mounted on the spindle 
above the ball bearing and carries two Vee belts of 
canvas-backed rubber. The driven pulley, which has 
a reduction ratio of 1 to 3 is mounted on the spindle 
of a cylindrical rotor, i.e., a cylinder having its axis 
at right angles to that of the spindle, which is 
mounted in ball bearings. The cylinder is divided 
transversely by a fibre partition, and each half of it 
contains a hard-steel ball free to move radially. Rota- 
tion of the cylinder on its spindle naturally tends to 
cause both balls to fly outwards from centrifugal force, 
but for part of the revolution of the cylinder, the balls 
are, in turn, constrained by an edge cam and remain 
wholly in the cylinder. This condition is seen at the 
right-hand of the cylinder in Fig. 2. At one termination 
of the cam the ball is freed, and thereupon flies out to 
strike the hammer carrying the tool holder, as seen at 
the left of the illustration. The other termination of 
the cam causes the ball which has delivered its blow 
to be pushed back into the cylinder. Since the cylinder 
revolves at approximately 1,500 r.p.m., and there are 
two balls, about 3,000 blows are given per minute. 

The tool holder is provided with a collar, which 
transmits the blows given by the hammer. As shown 
in Fig. 2, no tool is in place in the holder and the collar 
is held clear of the hammer by a compression spring. 
A second compression spring round the hammer 
cushions the blows when the drill is running but the 
tool is not held up against the material. Immediately 
the tool is held on the material and pressure is applied 
to the handle, however, the tool holder is forced into 
contact with the hammer and the intense reciprocating 
movement of the tool commences. The spring on 
the hammer produces the return stroke. The conical 
cap seen near the nose of the tool holder is a rubber 
dust shield. The hole passing through the nose accom- 
modates a tommy bar for rotating the tool during 
drilling. The hole at the bottom of the tool socket 
is for the insertion of an ejector. As the socket is 
tapered, it will be clear that tools with suitable shanks 
are employed, and not the parallel-shanked tools used 
with a hand hammer. The hammer, in addition to its 
function as a drill for holes in concrete, brick, stone, 
and so forth, can, with suitable tools, also be used for 
hacking, pointing and chase cutting. 








SLOVAK-POLISH BRIDGE.—It is stated in Modern 
Transport that the first war-time bridge to be built 
across the River Dunajec between Slovakia and German- 
occupied Poland has recently been opened. 


TIMBER CONTROL.—Consumers 





requiring imported 


softwoods for the fulfilment of Government contracts 
are reminded by the Ministry of Supply that it is necessary 
to obtain, from the Government Department which has 
placed the contract, prior approval in the form of a 
certificate of purchase, before making an application for a 





Timber Control acquisition licence. 
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AERONAUTICS. 


516,185. Aircraft Cameras. Williamson Manufac- 
turing Company, Limited, and S. Williamson, of London. 
Figs.) July 7, 1938.—The universal 
mounting for an aircraft camera in which the movements 


(7 invention is a 
in the various directions are controlled by servo-motors 
view-finder. The mounting 
and inner gimbal rings 
Sand 5, ball bearings 
in the inner ring to support the camera by its lens cone 

it The camera is 
locked in the ring 7 9, spaced so that the 
be Inserted in one position relative to 


operated from a remote 


consists of a base frame 1, outer 


and a mounting ring 7 carried by 


about the optical axis. 
by two bolts 9, 


and rotate 
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The several parts are moved by small electric 
The range of tilt of the gimbal rings is usually 
quite amall and a screw adjustment can be used. The 
mounting ring 7 allow for a greater 
angular adjustment, say 60 deg., and a motor mounted 


the ring 
motors, 
usually needs to 
on the inner gimbal ring drives a pinion meshing with a 
toothed rack 
to the remote-control instrument are by Bowden wires. 
The Bowden wires 22, 23, controlling the tilt of the gimbal 
rings, operate levers pivoted on the same axes as the rings 


on the mounting ring The connections 


the ends of the levers forming cams to operate single-pole 
of the light-pressure 
The gimbal control switches are mounted on the 
gimbal rings with their buttons at such a distance apart 
that the cam ends of the levers can just be clear of them 


two-way switches press-button 


type 


If a lever is moved, one of the switches is closed and the 
motor tilts the ring until the switch button runs off the 
For the ring 7, which is adjustable through a 
considerable the switches are mounted 
one another, with a cam dise 28 between them. 


cam 
angle, opposite 
he disc 
is rotated by one member of a differential gear, the ring 
and the Bowden 
( decepted December 27, 


is to a second member 


geared 
rotates the third member. 


wire 
1939). 


INTERNAL-COMBUSTION ENGINES. 


516,943. Cylinders of Multi-Cylinder Engines. Coven- 
try Climax Engines, Limited, of Coventry, L. Hathaway, 
of Coventry, and A. W. Moore, of Coventry. Figs.) 
August 2, 1938.—The invention is a multi-cylinder 
internal-combustion engine of the kind having a detach- 
able cylinder-head with overhead inlet and exhaust 
valves, an induction manifold arranged along one side of 
the engine, and an exhaust manifold along the other 
side. A channel 11 formed in the cylinder block 
between the middle two cylinders 12 of a four-cylinder 
engine above a main bearing, these two cylinders usually 


(2 


is 


ENGINEERING. 


being more widely epaced from one another than either 
of the end from the adjacent cylinder. The 
channel is relatively deep and of a width such as will 
impair the cooling passages around the adjacent 
portions of the cylinder bores. In plan view the channel 
narrowest at the longitudinal plane of the 
eylinder block and diverges from this plane to each side 
of the block. The detachable cylinder-head 13 has 
overhead inlet and exhaust valves assembled therein, the | 
inlet ports extending through one side of the head and | 
the exhaust ports through the other. Attached to that 
side of the head having the inlet ports is the induction 
14, while on the opposite side is attached the 


ones is 
not 


central 


is 


manifold 
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| mitted by a mask-controlling cam 9. 


exhaust 
exhaust 


with the 
ports, of the 
manifold is a pipe 17 extending transversely across the 
cylinder block to the side on which the induction manifold 
is attached. A 18 of the exhaust system on this 
latter makes contact with the induction manifold 
to constitute a The cylinder head with the 
systems constitute a unit which can 
from the engine and there 
17 


to 
lower 


manifold 15 connect 


to a 


exhaust 


Connected portion 


part 
side 
hot-spot. 
inlet and exhaust 
be assembled as such away 
after attached in position with the transverse pipe 
the channel of the block with preferably no 
between them. In consequence, the pipe 17 
vertically elongated in cross-section at its middle, 
where the channel is narrowest. With this arrangement 
there is little heat given up to the cooling system, and 
casting of the cylinder block not rendered difficult, 
while assembly of the cylinder head and inlet and exhaust 
subsequent fitting to 
block. (Accepted 


lying in 
contact 


is 


systems unit: simplifies and 


removal from the channelled cylinder 


January 16, 1940.) 


MACHINE AND OTHER TOOLS, SHAFTING, 


ETC. 


517,015. Apparatus for Forging and Hammering. 
John Peace and Sons, Limited, of Sheffield, and W. H. 
Peace, of Sheffield. (4 Figs.) February 1939.—The 
invention is an apparatus for forging and hammering of 
the kind in which a number of spring-pressed hammers 
slide in housings and are radially-disposed with respect 
to the axis of a rotatable cam for outwardly operating 
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the 
radially 


of their springs. A 
disposed housings b at 
the front, accommodating hammers c. <A hollow shaft d 
carries a cam ¢ rotatable with the shaft at the rear of 
the plate. The plate is detachably mounted in a framing 
provided with the necessary bearing for supporting the 
shaft d, the plate abutting a retaining plate, which is 
interposed between it and a back plate A of the framing. 
The hammers c are provided with rearwardly extending 
lugs j slidably engaging guides in the retaining plate and 
coinciding guides m in the back plate A, the hammer 
lugs j being actuated by the cam e. Each hammer c 
is under compression its end by a spring 7 
interposed between the hammer and a cross-bar attached 
to the housing, the spring always tending to force the 


the hammers against action 


plate is provided with 


at outer 


MARCH 29, 2940. 


in contact 
inner ends 


hammer inwards and thereby maintaining it 
with the cam e. Detachably fitted to the 
of the hammers c are dies p for acting upon blanks. 
A blank inserted centrally between the radially 
arranged hammers and their dies, and on rotation of 
the cam e by means of the shaft d, the hammers are 
caused to slide radially outwards against the compression 
of the springs until released by the cam, whereupon 
reaction of the springs forces them inwards with a quick 
action, so that the dies strike a blow upon the blank. 
The lugs j are each provided with an adjustable set 
screw q, the head of which is contacted by the cam, to 
permit of adjustment due to wear. The dies 7p are fitted 
to the hammers c by an engaging screw-threaded shank s 
extending axially through the hammer and having a 
hexagen head non-rotatably embraced by a washer 
which itself restrained against rotation. (Accepted 
January 18, 1940.) 


is 


is 


AND ALLIED MACHINERY. 


517,093. Die Press. Waite and Saville, Limited, of 
Otley, and F. Whyte, of Otley. (2 Figs.) August 18, 
1938.—The invention is a die-stamping press for producing 
embossed work or printing in relief. The object 
to provide a safety device to protect the operator. A 
mask 1 extends fully across the feeding gap 2 of the press 
and is carried by vertical rods 3 which slide in vertical 
bearings on the machine frame, the rods 3 having 
mounted thereon helical loading springs which operate 
between the upper bearings and abutment pins in the 
rods to force the latter downwards to within a pre- 
determined short distance of the feed plate when per- 
The rods 3 are 
interconnected at their upper ends by a transverse rod 
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whereby they are suspended in the forward bifurcated 
end of a lifting lever 11 fixed upon a rockshaft which is 
oscillated by an arm 13 and cam follower which co-operates 
with the cam 9 on a continuously-rotated camshaft. 
The rockshaft has fixed thereon a rearwardly extending 
arm 16 which remains in the path of a cam-controlled 
detent 17 associated with a pressure-release lever 18 
whenever the mask 1 is prevented by an obstruction 
from descending to within the predetermined 
distance of the feed plate, the engagement of the arm 16 
and detent serving to prevent an impression and enable 
the obstruction to removed. The pressure-release 
lever 18 is loaded by an anchored spring and its cam 
follower 20 co-operates with a control cam on the cam- 
shaft. Every time the mask descends to within the 
predetermined short distance of the forcing plate or 
feed table, the follower 20 enters a cam depression so as 
to cause the pressure-applying mechanism of the press 
to be released for the making of an impression. Should, 
however, the operator’s hand remain in the feeding gap 
too long, the mask 1 will descend on to it and in se 
doing will be stopped, so that the arm 16 will remain 
in the path of the detent 17 so as to be engaged by the 
latter, thereby preventing the release-lever follower 20 from 
co-operating with the cam depression, and preventing, 
at the same time, the release of the pressure-applying 
mechanism. The lever 18 is connected through lever 
and link mechanism to the foot-trip pedal 25, which 
latter requires to be depressed in order to check the 
pressure-applying mechanism. The trip pedal 25 is 
connected by a spring-loaded rod to the pressure-control 
detent. which co-operates with the lever 28 which 
controls the application of pressure to the force plate 
through the toggle mechanism of the press, the detent 
requiring to be lifted out of engagement with the lever 
28 before pressure can be applied. (Accepted January 19, 
1940.) 
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